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THE VEGETATION OF AUSTRALIA AND 
NEW ZEALAND 


By Professor D. H. CAMPBELL 


STANFORD UNIVERSITY 


HOSE parts of the world which for one reason or anot 
T completely isolated show very plainly the effects of t! 

upon the animals and plants which inhabit them. The « 

f specialization in these organisms is to a certain extent at 

the length of time the region has been shut off. A comparison 
f these organisms with those of other regions may throw light upon 
such problems as the changes in the distribution of land and water 
upon the earth’s surface in the course of ages, and thus be of great 

terest to the geologist and geographer as well as to the biologist 

If we compare the lands of the northern hemisphere, as they 
ow exist, with the principal land masses of the southern hemis 
phere, we find the former to be very much more extensive thar 
the latter. In the north there is a marked preponderance of land 
in the polar and subpolar regions, which merge into the temperate 

gions in both the American and Eurasian continents. In the 
southern hemisphere there is an extensive almost absolutely barre: 
olar continent, but the regions corresponding to the subarctic 
land masses of the north are entirely occupied by water; and the 
south temperate regions are completely separated from the antaré 
tie continent by a wide stretch of sea. 

Moreover, the temperate regions of Australasia, South Africa 
and South America are widely separated from each other by the 
Atlantic, Pacifie and Indian oceans. In extent the temperate re 
gions of the south are much less than those of the northern hemis 
phere. As might be expected, this condition of things is accom 
panied by a much greater diversity in the temperate floras of the 


southern hemisphere than is the case in northern latitudes. This 


perhaps reaches its maximum in the Australasian region, the com 
pletely isolated Australian continent and the islands of New Zea 


Vol. XV.—31 
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land having extremely specialized floras which 
interest to the student of plant geography. 

While Australia and New Zealand are usually 
geographically as ‘‘ Australasia,’’ they differ muc] 
in their vegetation, although having more or less 
Zealand is separated from Australia by over a 
sea, and many of the most characteristic Austral] 
absent, and others only very sparingly represent: 
very much greater size and range of climate, Aus 
be expected, possesses a much more extensive fi 
tively small islands of New Zealand. 

The completely isolated continent of Australia 
the size of the continental United States ex 
The Australian climate, however, is very differ 
ern portion of Australia is within the tropies 
Peninsula being only 11 degrees from the equato: 
ernmost part of the continent searcely touches 
of latitude. The adjacent island of Tasmania 
degrees further south. The climate is therefor 
the whole than that of the United States or 
regions in the south having a climate comparab! 
nia or the Mediterranean. At the north a 1 
prevails. 

The topography of Australia is much less va 
the United States. There are no mountains compara 
western ranges, and there is a marked dearth of 
lakes. The principal mountain masses are close 
coast, a succession of mountain ranges and highla 
from the York Peninsula to eastern Victoria and 
Queensland there are some definite mountain ranges 
most part the high land is a plateau sloping grad 
with more or less definite esearpments toward thi 
escarpments sometimes exhibit abrupt gorges cut b 
These are well shown in the Blue Mountains west of 
highest point in Australia is Mt. Kosciusko, 7,300 
New South Wales near the Victoria border. 

This highland region and the adjacent coastal a 


’ 


the most part a good rainfall, but there are no larg 
heaviest rainfall is in the coastal region of North Que: 


at certain stations it may exceed two hundred inches 
averages one hundred and fifty. 

Inland, however, the rainfall diminishes rapidl) 
of the continent is said to have ten inches or less 
another third less than twenty. This means that 
the area of Australia must be classed as desert or se: 


Tu 





VEGETATION OF AUSTRALI 183 


11 unsuited to agriculture, althoug va are; are mors 
idapted to grazing, which at present in ‘th of . com 
th is the most important industry. There is a more or less 
wet and dry season in most of Australia, as on our own 


oast. In the south most of the rain fal 


. May to September ; in the north the 
summer. June is the wettest mont] 


the north. 
Northern Australia, lying entirely within the 
most part a genuinely tropical climate, hot and humix 


astal distriets. In the more elevated regions of 
er, there may be sharp frost during the winter mo 

August. In August of last vear I observed bananas 

tender plants cut down by frost at an elevation of 2,000 to 3.000 


; 


‘eet. in latitude 17°. On the coast, however, frost is quite unknow) 
d the forest shows a genuine tropical luxuriane: 

The wettest region in Australia is in northeast Q 

the coast, about latitude 17°. In this region a short 

cipitous mountains rises directly from the coast to a hi 

5.000 feet, the highest land in the state. At the foot ot 

the precipitation is very heavy. One place, Babind 

visited in August, 1921, had already registered over two 


inches for the year, and it rained almost incessantly 


stay. 
The low swampy forest about Babinda was almost impenetrablk 
the trees loaded down with creepers of various kinds, among whiel 


; 


the rattan palms were only too conspicuous. Throughout the eas 
ern tropics the thickets of rattans are a great hindrance to progress 
in the forest, as their tough, horribly spiny twining stems mak: 
absolutely impenetrable tangles, natural barbed-w 
Climbing Aroids and species of Vitis and Piper are 


as well as various other lianas. 


In these wet lowland jungles, the palms reach their fullest d 


velopment, forming a conspicuous and beautiful feature 
vegetation. One of the commonest and most attractiy 
Archontophoemz Cuyunninghamiana, often cultivated under the 
name Seaforthia elegans, and one of the most beautiful of all palms, 
with its smooth slender trunk and crown of graceful feathery 
leaves. No feature of the Australian vegetation is more beautiful 
than the groves of these lovely palms. 

Serew-pines (Pandanus) abound in this region and there are 
also a number of species of Cyeads. Australia is especially rich 
m these aneient plants. The most widespread genus is Macrozamia, 
of which there are several species, the genus having representatives 
in all the states. The two other Australian genera, Cyeas and 
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are confined to tropical Queensland. The latter genus. 
to Australia, differs much in appearance from any living 
in its solitary bi-pinnate leaves, rather suggesting a 
fern. 

In the dryer parts of the Queensland coast the rain-forest is 
replaced by a more or less mixed forest, composed in part of 
Eucalyptus, and in part of tropical rain-forest types, like Ficus. 
A forest of this type may be seen occupying the sandy soil in the 
neighborhood of Cairns, the principal port of North Queensland 

A feature of the coast in this district is the mangrove formation 
along the shore and the banks of the streams flowing 
Several genera are-represented, the most Important ben 
spread Rhizophora and Avicennia. 

Some interesting ferns were noted in this reg 
striking being a gigantic Angiopteris which was see) 
places in the vicinity of Babinda. 

Immediately back of the coast the land rises rap 
reaching an extreme elevation of about 4.000 feet 
2000 to 3,000 feet over most of its extent. 

This table-land has an ample rainfall, and on 
develops a fine forest which vields extremely valuable timber 
Much of the timber has been destroyed, but there are still som 
remnants which are accessible, and these are really Lifieent 
examples of tropical forest growth. This tropical rain-forest 
known in Queensland by the very inappropriate name of ‘‘Serub 
and is confined to the rich basaltic and alluvial soils. 

The trees of this forest are mainly of Malayan affil 


tall with lofty straight trunks yielding a large amow 


timber. Some of them, especially the Kauri ( Agathis Palmerst 
and ‘‘Red Cedar’’ (Cedrela toona) reach a very large size. T! 
latter was formerly abundant and sometimes attained a diameter 
of upwards of ten feet. It has been largely exterminated, |} al 
occasional fine specimen may still be seen, and the same is 

the Kauri. 

Belonging to the same family (Meliaceae) as the cedar are 
several species of Flindersia, which are locally known as ‘‘hiekory,”’ 
““maple,’’ ‘‘beech,’’ and other woods not in the least related to 
them. Other characteristic trees are Elaeocarpus, (Tiliaceae) 
Aleurites Moluccana., widespread throughout Polynesia; Sideroxy 
lon (Sapotaceae), Eugenia (Myrtaceae) and others. The charac 
teristie Australian family Proteaceae is represented in the rain 
forest by several species of Grevillea, Stenocarpus, Macadamia and 
other genera. Grevillea robusta of southern Queensland is often 
grown in California as an ornamental tree. 

This upland forest has much finer trees than the lowland forest 
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ast, but the palms and some other tro; 
rely absent, and the development of th 
ot so marked, although these are by 
1e large trees, aS 1S SO Common in rain 


nspruous development of buttre SSeS 


ints of the forest are species of Ficus, the 
As in most tropical lands the genus is wel 
n Australia, some species extending 


as 
Like so many other species of Ficus, these 
fizs begin life as epiphytes, the descending 
lesecing more or less completely, and strangling 
» descending roots are produced in great numb 
» that was seen, the huge conical trunk formed hb 
ts was said to measure 120 feet in circumference 
the enormous spreading crown was in proportior 
While the predominant forest on the plateau is *' 
large areas occupied almost exclusively by ope 
forest. This Eucalyptus forest is the dominant type 
ver much of Australia, but in the region in questio1 
areas of sandy soil. The line between the ‘‘ser 
Euealyptus forest is often very sharply marked, 
etermined by the difference in the soil. 
In southern Queensland, in the neighborhood of 
Euealyptus forest predominates, though there are 
ipied by ‘“‘serub,’’ but many of the strictly tropical 


North Queensland are absent. 


Probably the most striking tree of South Queensla: 


Bunya’’ Araucaria Bidwilli a eoniferous tree conn 


latively small area in this region. It reaches a large 
s valuable for its timber. The big seeds were much pi 


the aboriginals. This handsome tree is frequently) 


California, where it seems very much at home. <A seco 


A, Cunninghamu, is much more widely diffused, 


tensive pure stands on some of the islands off the 


An analysis of the constituents of the se. 
Queensland and New South Wales shows that 
{ genera widespread through the Indo-Malaya: 
‘lated to these, and may very properly be considered 
great Malayan flora. Such types as the figs, p: 
Araceae, many epiphytic ferns and orchids are 
the whole Indo-Malayan region ; and as it is evident 
Australia was connected at no very distant period 
sland of New Guinea, it is pretty certain that this 
Australian flora is derived from the north. 





THE SCIENTIFIC MONTHLY) 
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1? northeast 


lavan flora is best developed 


forms like the pitcher plants Ne pe nthes 
palms (Borassus, Areca, Caryota, etc.) bi 
Peninsula, Australia’s northernmost exte) 
from New Guinea by only about 100 miles of 


the Malayan types, like Cedrela and 
1 a considerable number of others. exte) 
s of Victoria; but this vegetation is contin 
fall and rich soils, and the n 
nishes rapidly toward the south. 
the scrub vegetation is made up 
avan types there are a number « 
origin. Such are the fine 
the silky oak (Grevillea 
of the Proteaceae, a family 
ment in Australia. 
luxuriant serub-forest disappears 
the diminishing precipitation 
us forest. Still further inland 
grass lands or prairies which 
-attle. 
the south of Queensland is the state 
irst ee lony to be established in Australia. 
tinuation of that of southern Queensland and has n 


eor 
i I 


vegetation as the latter, but the Malavar el 


QI YY 


| the south, where there is an iInecrea 
ralian types such as Eucalyptus and Aeacia. 
retains a deeidedly tropical aspect, W th tall 


ns in abundanee. 
Much the greater part of the state, however 


sven for ST erowth. and is occupied by a vers 


This is almost purely of Australi: 


egetation. 


ore or less decidedly xerophytie in character 

es are various species of Eucalyptus forming ope! 
sandy soil between occupied by a great variety of 

ten with extremely showy flowers. Herbaceous p! 

uspicuous, although there are coarse grasses and 

corms 01 


perennial plants growing from. tubers, 
Myrtaceae, so abundant in Australia, have numero 


Leptospermum and Melaleuca; the Leguminosa: 


ka 


species of Acacias, ‘‘ Wattle’’ in the vernacular, and 


of showy Papilionaceae ; several beautiful spec 


Maiden, J. H.: ‘‘ Australian Vegetation,’’ 
tralia, Melbourne, 1914. 
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emon (Rutaceae) and many oth 
rs abound. The Proteaceae. 
much in evidence, the most abu 
ksia and Grevillea. To this famil 
ous of Australian flowers, the ‘*‘ Waratah 
rlet flowers are the pride of New South W 


ng plant peculiar to New South Wales 
giant toreh lily Doryanthes 


cluster of great scarlet lilies on 
n height. 
the smallest state, occupies th 
and is about the size of Kansas. 
d apparently the most prosperous stat 
Much of the state has a climate adapt 
most crops of the north temperate zone, and by 
North European settlers than the hotter parts of 
x size and more uniform rainfall result 
vegetation than in the larger states: but 
tts of the east are found the tallest trees in 
the California redwood. These forests of 


wy undergrowth of tree-ferns and other luxw 


among the finest in the world. Where the 


ared, the land is some of the best in the comm: 


The distinetive Australian flora is seen at 


{ 


Australia. This immense state occupies the e 


sf 


the continent, and is almost completely 
stern states by extensive deserts, and is _ itsé 
gion of extremely low rainfall. There is, how: 
‘eupying the extreme southwest portion, whic] 

nfall, and this district possesses a flora whic 
eauty has searcely a rival anywhere in the wor 
Travelling overland from Victoria one trav 


eresting state of South Australia, and the) 


sCsS 


’ ntly completed line over the desert to West Aus 
This desert is not unlike certain parts of our « 
‘egions, often suggesting parts of Nevada or 
sive tracts show only sparse salt-bush (Ati 
sembling the sage-brush deserts of Nevada o1 
s a fairly heavy growth of small trees 
shrubs, and sometimes bunch grasses an 


rbaceous plants. 


The commonest trees are, as usual. species 


her abundant trees are species of Casuarina, 
twigs simulate the needles of a pine. These 
t exclusively Australian, being also found in the 


raoal ‘ : , 
ch r maximum development in Australia. 
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Fig. 5. GIANT GUM-FOREST, V! 
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mmonest shrubs are species of Acacia and dwarf 
s, the former at the time of my visit being covered with 
golden bloom, which enlivened the prevailing 
ts of the foliage. A species of sandal-wood groy 
as well as a number of other interesting trees and shrubs. 
Comparatively few showy flowers are seen, aside from th: 
\eacias. Occasionally masses of pretty pink and white everlast 


ings are encountered, and a gorgeous scarlet pea (Clianthus 
Dampvre 

As the western coast is approached the country becomes some 
what less arid, and presently there appears along the railway line 
an increasing profusion of beautiful flowers, until before Perth 
the terminus of the railway, is reached, the train travels through 


a veritable garden of brilliant bloom. The beauty and variety of 


this wonderful floral display must be seen to be appreciated. While 


some of the flowers, such as the great variety of pea-shaped blos 
gsoms, Suggest familiar northern types, Many are entirely strange 
with little suggestion of relationship with any northern genera. 

Whole families, quite unknown to this northern botanist. are 
richly represented. Thus the Goodeniaceae, a characteristic 
Australian family, has a large number of extremely showy species 
of Goodenia (yellow), Dampiera and Leschenaultia (blue), one 
of the latter, L. formosa, of a wonderful blue that would put to 
shame an Alpine gentian. 

Ground orchids are very abundant, some of them of grea 
beauty. They belong largely to special Australasian genera 
Caladenia, Diuris, Thelymitra and other quite unfamiliar ones. 
The little sundews of northern bogs are here represented by a 
extraordinary assemblage of species, some slender, half climbing 
plants four to five feet high with flowers the size of small roses. 
Pink Boronias and Tetratheca (Tremandraceae), yellow Hib 
berties (Dilleniaceae) are a few of the many beautiful novelties 
among the lower growing species; while Banksias, Hakeas and 
Grevilleas of the Proteaceae; Leptospermum, Callistemon. and 
Melaleuca of the Myrtaceae, are the predominant larger growths 

Of the Monocolyledons, aside from the orchids already referred 
to, and various grasses and sedges, there are a number of attractive 
species. The Iridaceae are represented by species of Patersonia 
with pretty blue or purple flowers. Of the lily-family are several 
species of Thysonotus, with delicate fringed petals, and Burchardia, 
whose umbels of pretty white blossoms suggest an Allium or the 
Californian Brodiza. 

Peculiar, if not beautiful, were the extraordinary grass-trees 
or “‘black-boys,’’ as they are commonly called in the West. The 
larger species develop a stout trunk and somewhat resemble an 
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Yueea, but the leaves, which are very 
d more or less drooping. The insignificant 
, elub-like spike, sometimes six or eight feet | 
said to flower especially freely after a rec 
f these strange plants with hundreds of 
kes is one of the most striking botanical s 
\ related genus, Kingia, is confined to western 
the most extraordinary flowers of West 
Kangaroo Paws’’(Anigozanthus). These flowers 
arre coloring—bright green and searlet, yellow 
yellow, or pure green. The genus is unk: 
Australia. The only Gymnosperm noted was a Cyead 
mia Fraseri. This is very common, and is regarded 
as animals are often poisoned by eating the young 
time of drought. Throughout the less arid parts of West 
this wonderful floral display may be seen in the sprit 
November. It perhaps reaches its culmination in t] 
rict on the south coast. Certainly the variety 
Albany surpasses anything the writer has seen ip 
world. 

I was unable to visit the Island of Tasmania. which 
much in its topography and climate from the mainland of 
lia, and is much more like New Zealand in these respec 
very mountainous and in many parts, especially in th 
rainfall is extremely heavy. This heavy precipitation ai 
tively low temperature resemble the climatic conditions 
south island of New Zealand, and there is a considerabk 
of resemblance in the yegetation of the two regions. 

In common with New Zealand there is an important element 
the flora closely related to, or even identical with, South Ameriean 


‘ 


species. Some of these ‘‘Fuegian’’ plants are found also in the parts 
of the adjacent state of Victoria and also as Alpines in the mom 
tains further north. 

The most striking of these are the evergreen beeches (Nothofa 
gus spp.)which are a notable constituent of the flora of 
Chile and also of New Zealand. These are the sole representatives 


of the Cupuliferae (oaks, beeches, ete.) found in Australasia. 


The visitor to Australia is immediately impressed by 
dominance of the Eu salyptus forest, and indeed this is the com 
monest tree genus. While much of this open forest is extremely 
monotonous and unattractive, it must be remembered that among 
the more than two hundred species there are some of the stateliest 
and most beautiful trees known anywhere. The great Karri 
forests of West Australia and the giant gum forests of Victoria, 
as well as some of the Eucalypts from the rich mountain forests 
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of New South Wales and Queensland, are some 


nificent the writer has ever seen. 


In the spring, when the new foliage is develop 


show beautiful golden and ruddy tints in the 

are in strong contrast with the gray-green of the 
most species. In the arid regions of the interior 
species shrubs of moderate size remarkably resist 

The flowers of some species of Eucalyptus ar 
and produced in great profusion: As in so many 
numerous stamens form the showy part of the flow 
white, pink or searlet in color. The splendid E. fi 
liant searlet stamens is a favorite ornamental tree 
fornia. 

The Myrtaceae, aside from: Eucalyptus, are 
veloped in Australia, being second in number of 
Australian flora,* more than eight hundred havi 
Allied to Eucalyptus are Tristanea, Angophora and S 
fine trees of large size. 

In the moister and warmer areas of the coast 
of the widespread genera Myrtus, Eugenia and Ba 
latter entirely tropical in its habitat, a very bea 
large glossy leaves and big white flowers. The ge. 
throughout the Malayan region and the south 
Polynesia. 

More characteristically Australian and represent 
species are the genera Leptospermum and Melaleuca 
distributed and often forming extensive thickets 
Melaleucas are small trees; the Leptospermuns are as 
of medium size. The flowers are usually white 
great profusion, so that some species are very att. 
flower and prized as garden ornaments. Othe 
Myrtaceae are the showy red ‘‘bottle-brushes’’—sp 
temon and the pretty fringed flowers of the West Aust 
cordias. 

First in number of species in the Australian flo: 
family of Leguminosae, with over one thousand sp 
leads with upwards of four hundred, ranging from 
few inches in height to large trees. The Acacias 
known as ‘‘wattle,’’ and in the spring the profusi 
bloom of many species makes them very conspicuo 
these Australian wattles are common in cultivat 
ealled ‘‘Mimosa.’” The majority of the Austral 
of the ‘‘phyllodineous’’ type, ¢. e., the feathery lea 


e 


2 Maiden, loc. cit., p. 166. 
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d the flattened leaf-stalk, or ‘‘phyllode,’ 

ceolate leaf. 
section Papilionaceae, or Pea family, contributes a host 

flowers to the floral show. Nearly all of these exhibit 
lliant eolors, pink, erimson. searlet. orange, vellow, blue 
ple, and the flowers are borne in profusion. Many belong 
tly Australian genera—e. g., Chorizema, Gastrolobium, 
a, ete., and comparatively few are in cultivation. 


third family, in point of numbers, the Proteace 


ae, has not 
representative in the United States. and is almost entirely 


i 


sent from the northern hemisphere. About two thirds of the 


enecies belong in Australia, and South Afriea is next in number 


species. The Proteaceae are mostly shrubs of moderate 


SIZe, 


it a considerable number are arborescent. beecomi oO ‘orest trees. 


Of these trees, the most important are the species of Grevillea 


Banksia, Stenocarpus, Macadamia and several others peculiar to 


the rain-forests of Queensland. The handsome Grevillea } 


roousta 
sa fine tree frequently seen in California, and a few other species 


* Grevillea and Hakea are less commonly seen in bu 


vardaens;: t 


many fine species, well worth cultivation, are still to be seen only 
the wild. Grevillea is the largest genus and is widespread in 


Australia. The flowers are often very showy, pink, 


, ° »f 
sear] 


or 
ellow. Hakea, next in number of species, has as a rule rather 


neonspicuous flowers. 


Few Australian trees are more peculiar in habit than some of 


the Banksias, whose stiff serrate leaves and huge oblong heads of 
‘llow flowers are most peculiar and striking. The great majority 
the Proteaceae are xerophytic, but a few inhabit the serubs 
of New South Wales and Queensland. Perhaps the finest flowers 
mong the Proteaceae belong to the ‘‘Waratah’’ of New South 
Wales, previously referred to. Other important families 
quite confined to Australia, are the Tremandraceae, 
aceae, Candolleaceae and Casuarinaceae. 

Reference has already been made to some of the Australia 
(rymnosperms, which are extremely interesting. The Cyeads have 
already been mentioned, as well as the Araucarias and Kauri of 
Queensland. The coniferous types of the northern hemisphere are 
ibsent, the nearest relation being the genus Catlitris, which 1s re 
lated to the eypresses. 

The Yew family or Taxaceae, however, is remarkably developed 

the southern hemisphere and has a number of extremely inter 


sting forms in Australia and especially Tasmania. Podocarpus 


- 
i) 


which a small number of species oceur in the warmer parts of 
the northern hemisphere, is the most important Australasian genus, 
XV.—32 
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and comprises a number of large and valuable ¢ 
some smaller ones. Species oceur in all the states. 
Certain genera, absent from the mainland. are 
mania and New Zealand. Such genera are Phy 
Daecrydium, as well as several others. 
Ferns and their relatives are searece or entirely 
very large part of Australia, owing to the prevalence 
semi-arid conditions unsuited to these moisture-] 
There are, however, regions where they abound 
important feature of the vegetation. The ubiquit 
fern (Pteridium aquilinum) often covers large tra 
land, as in northern regions; and in the moist cullies 
Mountains of New South Wales and the forests of \ 
the rain-forests of the north there is a rich ass 
Pteridophytes, including some very fine treeferns 


Lycopods and the curious Psilotum and Tmesipteris 


l 
} 


histories, which long baffled the botanist, have at last b 
through the labors of Lawson and Holloway. 

In the rain-forests are many epiphytie species 
extraordinary stag-horn ferns (Platyeerium) are 
spicuous; but there are also a good many of the 
delicate filmy ferns (Hymenophyllaceae 


New ZEALAND 
New Zealand comprises two large islands of about 
and several adjacent ones of very much smaller dimens 
northernmost point of the North Island is about 34 
and the South Island extends to south latitude 47 
area of the islands is about 100,000 square miles. 
New Zealand presents a marked contrast to’ Austra 


Sou 


its topography and climate. Its relatively small ar 
a climate of distinctly insular character, with very 
range of temperature and precipitation than is the cas 
tinental Australia. Owing to its higher latitude, the 
a whole is rather cool, but severe cold is rare in the low 
is comparable with the elimate of Britain, but especial 
North Island is considerably warmer. Owing to the p1 
the sea, there is less difference between North and Sout! 
Thus between Auckland in the North 


+ 


Is 


be expected. 
Invereargill, about ten degrees further south, there 
ten degrees difference in the average temperature. 


For the most part rain is abundant and well dist 
for 


much of the country shows a luxuriant growth of 


are certain regions, however, notably the Canterbury P 


South Island, which have a relatively scanty rainfa 
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stitute of trees. These grass-covered 
the prairies of the mid-west of the | 
topography of New Zealand is for the most 
weed, with much higher mountains than those of 
North Island are extensive voleanic formations. 
» still active. In the Rotorua district. familia; 
merous hot springs and geysers much like those of 
and in addition there are active voleanic crater 
the neighborhood of Auckland are a number of 
+ cones. and on the west coast is Mt. Egmont, ove 
t high. To the south lies the Wellington distr 
ved in echaraeter. The harbor of Wellington. ounded 


by steep mountains, opens into Cook’s Strait, separating the Nort 


| South Islands. 


‘ 


The South Island shows less extensive evidences of voleanie 
‘tivity than the North Island. It is distinguished by the lofty 
snow-clad range of the Southern Alps near the west coast, culmi 
iw in the majestic Mount Cook, over twelve thousand feet 
snow covered for most of its height and with extensive 
glaciers reaching nearly to its base. The southwest coast Sn 
lented by numerous fiords, which are said to present a magnificent 
spectacle. 

The Southern Alps exercise a great influence on the climate 
of the South Island, intereepting a very large part of the moisture 
from the seaward side. Between the mountains and the coast 
there are stations with as much as two hundred inches of rain 
annually, while Christchurch on the east coast has only about 
twenty-five inches, and there are a few stations with even a lighter 
precipitation. This dry region is mostly destitute of trees, the 
ground being covered with coarse tussock-grasses. The contrast 
between these dry grasslands and the densely forested regions of 
rainy Westland is most striking. 

To the south of the great mountain range the conditions are 
more uniform. and the whole southern end of the South Island 
is covered with forest. 

The North Island originally was almost completely covered 
with heavy forest, in which the most important tree was the Kauri 
pine (Agathis australis). Very little of this splendid forest re 
mains, and the Kauri is almost extinct. A few small tracts have 
recently been reserved, and I had an opportunity of visiting one 
of these in the extreme northern part of the island. This new 
park is of limited extent, but is a typical example of the magnificent 
Kauri forest which once covered the desolated regions now oe 
cupying most of the surrounding country. 

The Kauri is entirely different in appearance from any conif 
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Fic. 7. KAURI FOREST, NORTH ISLAND, NEW ZEALAS 
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with which the American botanist is familiar. 7 


wes it shows the symmetrical pyramidal habit of most 
it the early branches finally fall off, leaving a perfect) 
smooth eylindrieal bole with very little taper. This columnar 


trunk may reach a height of sixty to eighty feet, or even mor 


vith a diameter of eight to ten feet, or it is said of twice this size 


\t the top there are several enormous diverging branches forming 
immense spreading crown which overtops the 

the forest and gives the tree a most characteristic appearane 
The interior of the Kauri forest, with the huge smoot 


olumnar trunks, is most impressive, and only rivalled by 


sreat coniferous forests of the Pacific Coast, or the Cyptomer 
f Japan. The New Zealand Kauri must rank as one of th 


f the vegetable kingdom. 

Associated with the Kauri are a number of other 
ng several other Conifers or rather Taxads, as these 
Yew family. Of the latter the most important are 

Podocarpus Totara) and ‘‘Rimu’”’ Dacrydium « 
both valuable timber trees. The curious Phylloclad 
nodes with flattened twigs (cladodes) looking like 
leaves, is not uncommon in this region. Some other 
trees are Weinmannia sylvicola (Saxifragaceae). said 
commonest tree in New Zealand, and Beilschmiedia 
longing to the Lauraceae. 

A number of fine shrubs, e. g., Coprosma, Pittosporum 
panax and others are common, and as in all New Zealand 
ferns are much in evidence. The abundant and beaut 
ferns lend a special charm to the New Zealand forest. The 
if these is Cyathea medullaris, which may reach a heig! 
wards of fifty feet and is the finest tree-fern with wl 
juainted. 

Other interesting ferns are several species of Gle 
the climbing fern, Lygodium articulatum, which is said 
to the top of lofty trees. Filmy ferns (Hymenophyllaceae) are 
common in the damp shady woods, but are hardly as abundant or 
luxuriant as in the rain-forests of the South Island 

Epiphytes abound in the rain-forests and include many econ 
spicuous mosses and liverworts as well as ferns and various flower 
ing plants. Among the latter are a number of orchids, but these 
are mostly inconspicuous species, far inferior in beauty to some of 
the fine Australian epiphytie orchids. Perhaps the most conspieu 
ous epiphyte is a very common liliaceous plant, Astelia solandern, 
forming great tufts of stiff sword shaped leaves on the trunk or 
branches of many trees. It very often is seen on the slender stem 


of the Nikau palm, forming great bunches completely surround 
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Fic. 8. TREEFERNS, NEW 
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unk. This palm (Rhopalostylis sapida 
New Zealand. 
e the land has been cleared iT IS oftte) nvaded \ 


bracken (Pteridium aquilinum . and another plant 


us 
tickly takes possession is the ‘‘Manuka’’ ( Leptosperm 
im), closely resembling some of the Australian specie 


n bloom the shrub is decidedly ornamental, with my 


ty white flowers. 
In open, more or less swampy districts. all over New Zealan 


+ 1 t 


two extremely characteristic plants can hardly fai 


0 


tention. These are the native ‘‘flax’’ (Phormium tenaa 
‘“oabbage-tree’’ (Cordyline australis), often grow) 
mder the name Yuecea-palm. The flax vields a 
valuable fibre, which is manufactured on an extens 
s one of the most important products of the country 


of my visit both of these striking plants were in flower 
sends up from its tuft of broad leaves, five or six 


about twice as tall, bearing racemes of tubular red 


ire much frequented by honey sucking birds. i hie 
like Cordylines bear immense panicles of smal 
Among the most widespread trees of New Ze: 
species of Metrosideros, a venus oceurring 

d Australasia. Vv. robusta, the ** Rata 


with glossy green leaves and bright red fi 


which it is not very distantly related, the 


re the showy part of the flower. Another 

ilso with showy flowers, is abundant 

other species, some of them climbers 

New Zealand. M. robusta begins life 

of the older tree being made up of the 

s so often the case in many species of Ficus 
The southern portion of the North Island has 


ferent vegetation from that of the Auckland a 
is quite absent from this region, and in some 
forests of evergreen beeches much like those of 

In the immediate vicinity of Wellington the 
if the same trees as that further north, e. g.. 
dium, Metrosideros, Weinmannia, Beilschmied 
Among these is one of the two species of Prote 
New Zealand. This is a handsome tree, Knight 
what resembling the Australian Banksias. 

One of the most interesting small trees 
ércortwata, New Zealand having three species of 


1, " . . 
clusively South American and Mexiean genus. 
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TREES (CORDYLINI 


( PHORMIUM 


Shrubby Compositae are common in New Zealai 
Olearia, much like Aster, is well represented, som: 
fine flowers, others like O. dlicifolia with hands 
foliage. Another peeuliar genus is Raoulia, whi 
‘‘vegetable-sheep,’’ R. exrimia. Some other characte: 
noted near Wellington are species of Melievtus 
Myrsine and Sophora. S. tetraptera, with brilliant 
conspicuous flowers, is one of the few really showy N 
shrubs. 

Wellington has an attractive if not large bota 
which the most interesting feature is a small ravine 
growing many of the native trees and shrubs as well 
ferns and liverworts. Some of the treeferns are v« 
make a fine show. Of the liverworts the most notab! 
markable Monoclea Forstert, a giant among liverw 
species is abundant about Wellington and also in va 
the South Island. The only other species known occurs 
America. 

In the botanical gardens in Wellington are som 


conifers, including a number of Californian species. © 


the Monterey pine (P. radiata) is extensively planted 
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ere it grows with extraordinary rapidity an 
mount of timber. 

ss the harbor from Wellington at Day’s Bay is a 
tent of forest made up almost exclusively of two 
creen beeches (Nothofagus fusca and N. Menzies 
s much more open than the mixed forest whiel 

nost of the country near Wellington. These beeches 


much smaller leaves, are not unlike the ft) 


northern forests. They also remind one, in general habit 
tree alders of the Pacifie Coast. 
Cook’s Strait, separating the North and Sout! 
seem to form an appreciable barrier to the migr 
hetween the islands, there being little difference: 
on the two sides of the Strait. Probably the 
two islands took place at a comparatively recent 
has not been time for any marked change in th 
The important city of Christehureh is sm 
famous Canterbury Plain, an open grassland 
n prairies is admirably adapted to agricult 
The trip across the South Island from 
west coast is full of interest to the botanist 
magnificent scenery. I had the good fortune 
by Dr. L. Cockayne, the well-known botanist 
the native Mora is both extensive and accurate 
The Canterbury Plain, where it has not 
overed with tussoeks of coarse grass. and ft) 
lower slopes of the mountains on the easter 
ibundant species is Festuca Novae Zealandeae, 
was another common and conspicuous species. 
The change from this open grassland to the first 
s very abrupt, and marks the beginning of the west: 
The beech forest is very dense, and composed 
of the mountain beech (Nothofagus Cliffortiana 
At the summit of Arthur’s Pass, about 3,000 feet 
the increasing moisture becomes more evident. The 


ground supports a heavy growth of herbaceous plants and 


shrubs. In this formation is found perhaps the most beaut 
all new Zealand flowers, Ranunculus Lyallii. This fine plant 


very large undivided peltate leaves, and clusters of pur 
4 . . . 
towers two inches or more in diameter. borne on stout 
foot or more in height. Another charming flower 
macrocarpa, with large flowers something like Mimulus 

Dr. Cockayne’s book, ‘‘ New Zealand Plants and Th 


1919, is an admirable account of New Zealand veget 
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The sub-alpine scrub of this region is compose 
of very characteristic species. The most casual ol 
fail to note the Draecwna-like Dracophyllum Tra 
tree with clusters of reddish leaves at the tips of 
branches. In spite of its Yuecca-like habit, this is 
family Epacridaceae. Various shrubby Veronicas 
oped to a remarkable degree in New Zealand, are 
several shrubby Compositae (Olearia, Celmisia, S 
A curious leafless leguminous shrub, Carmichelia 
a species of Gaultheria, and an Araliad (Pseudopa) 
not uncommon. Along the roadside the mountair 
Colensor) is frequent. The descent on the west sid 
magnificent Otira Gorge, is one of the finest piec 
New Zealand. The very steep walls of th 
covered with luxuriant forest from crest to | 

The very heavy rainfall of this district 
luxuriant rain-forest which reaches its maxin 
the west side of the range. At first there 
beech, but this finally disappears and in the t) 
forest is quite absent. 

The banks along the roadside show a consta 
fusion of ferns, liverworts, and moisture-lovin: 
Hvdrocotvle and the interesting Gunnera, a 
veloped in New Zealand. 

Tree-ferns, which had not been seen at 
inerease in size and numbers as the lowlands 
in the lowland forest form a conspicuous and bi 

The Westland rain-forest is one of extrao1 
The extremely heavy precipitation and mild t 
a rich profusion of vegetation that has all the : 
Malayan rain-forest. Composed of exelusi 
and shrubs, draped with lianas and epiphyt 
with thousands of noble tree-ferns, it was ha 
forest was in latitude 43°, corresponding nh 
the latitude of Buffalo. 

This forest is of the type ealled ‘‘Taxad’”’ 
most important trees belonging to the taxaceous ge 
and Daecrydium. In the swampy areas the 


+} 
! 


dacrydioides predominates, a very tall tree with fine s 
vielding valuable timber. Of the angiospermous ti 
abundant is Weinmannia sylvicola, a tree of Mal 
and its relative, Quintimia acutifolia, both belonging 

bot 


frage family. A very common large shrub is Aristot: 
with rather attractive pinkish flowers, and other com: 


are species of Coprosma, Metrosideras lucida, and Ps 


crassifolia, 
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and other Pteridophytes abound in these we 


: 
iso the eurlous 


species of Lycopodium are abundant, and a 


rls. Of the tree-ferns, the commones s Dicksonia 
sometimes twenty to thirty feet high. 


Less abundant 


1 Most 


lia Smithu. Of the abundant epiphytic growths th 
are the filmy ferns (Hymenophyllaceae n these 
d forests attain their finest development. 
beautiful fern is Todea (Leptopteris 
night be expected, these supersaturate 


rarden of mosses and liverworts which 
thick carpet on the ground and big eus! 

te log and stump. Great tussocks of Sphagnum 

out the pools, and now and then one enecount 


ant Dawsonia superba, the last word in moss di 


The abundance and luxurianece of the liverwo1 


t is doubtful if anywhere else in the wor 
of these interesting plants to be found. 
lianas the most interesting is Freycinet 


the 
‘tly tropical genus belonging to the screw-pins 
throughout Polynesia and the Malayan regio) 


Everywhere in the New Zealand rain-forests 
opment of epiphytes and climbing plants 


are two categories, those that begin life 


hecome rooted in the ground, and those 


the epiphytic habit. Among the latter 


ans « 


ls, Mosses and liverworts, as well 


DOCS, 


ke Peperomia, various orchids, Astelia 


filmy ferns or Hymenophyllaceae are es] 


itiful. 

Several species of New Zealand trees beg 
seeds germinate in the branches of som: 
young plant sends out roots which descend 
st-tree until they reach the earth. In course 
» or less sol 


ding roots coalesce in a mor 
may be completely strangled in the 
Vetrosideros robusta is the best known of 
iphytes. Others are Dracophyllum arboreun 
Some of the climbing plants are great 
stout cables are thrown from tree to tree. 

s a huge bramble, Rubus australis, 
the tops of 


reach t 


woody 
One of the 


these whose ste 
six inches in diameter at the base, 
Freyeinitia climbs by means of roots, clinging to 1 


as milar 


ty 
rees 


of trees, and some species of Metrosideros have 
f Clematis. 


Other common climbing plants are species 0 
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sonsia and Miihlenbeckia and the climbing fern / 
latum. 

Compared with Australia there is a remarkal 
brilliantly colored flowers, a large proportion of th 
white or greenish flowers. The bright red flowers of 
of Metrosideros, Clianthus pwniceus and the nat 
yellow of Sophora tetraptera, the blue of many Ver 
blue or purple of some of the Compositae are 
exceptions to the rule. 

WEEDs 

As in all countries where the white man has sett 
come with him many plant immigrants, some of 
entirely welcome. These weeds hail from many 
hotter and dryer parts of Australia they may 
tropical countries as India, Brazil or Africa, wl 
temperate regions of southern Australia and Ni 
are largely from northern Europe and Am 
sorrel, dock, plantain and other familiar weeds 

Parts of Australia have been invaded by s; 
pear (Opuntia) from America, which are a very s 
has been said that in Queensland 30,000,000 acres 
been invaded by one species which has caused imme! 

From America have also come species of cockle-b 
and Stramonium, as well as several other pestilent 


, 


moister cooler regions of Australia and New Zeala 
European blackberry, sweet brier and gorse hav 
cultivation and become very persistent and troubleso! 
A number of plants from the Cape, whose clin 
ilar to that of Australia, have become completely nat 
is not uncommon to see the familiar calla growing 
low ground, and several of the beautiful Iridacea: 
Africa—Ixia, Sparaxis, Watsonia and Homeria 
seen growing along the railway embankments. Th: 


; 


to be poisonous and may perhaps be called a weed 
may also be given to the ‘‘Cape-weed’’ (Cryptostem 
lacea), a daisy-like Composite which is extremely abu 


CONCLUSION 


Attention has already been called to the evident 
ships existing between the Australian ‘‘serub’’ floras 
of the Indo-Malayan regions. The rain-forests of Qu: 
New South Wales may be looked upon, with little quest 
remnants of a much more extensive flora which oc 


regions when they were united with New Guinea a 


y 
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ancient Western Australian continent. It is generally 
hat in the latter, which was probably much larger than 
the ancestors of the characteristic types which now 
the flora of the greater part of modern Australia had 
vin. 
old Western continent, completely isolated from other 
re was an extraordinary development of a comparatively 
imber of families. The most conspicuous examples of this 
Myrtaceae, with over 200 species in Eucalyptus alone; 
nosae, especially Acacia with over 400 species, and many 
Papilionaceae; Proteaceae with over 600 species (Gre 
Hakea, Banksia, etc.). A few families, e. g., Candol 
eae, Goodeniaceae, are almost exclusively Australian and es 
ially abundant in Western Austrelia. 
‘hese peculiar Australian plants are largely xerophytic 
the union of Eastern and Western Australia it may be as 


sumed that the extreme aridity and poor soils of much of the 


tral part of the continent would be much more favorable to 

se Western xerophytes than to the Malayan types of the East 

‘+h have evidently been largely evicted by the drought-resistant 
West Australian immigrants, and are now restricted to compara 
tively limited areas where there is good soil and abundant mois 

The autechthonous types have for the most part remained in 
\ustralia. Eucalyptus, Acacia, a few Proteaceae and some others 

» represented in the savannahs of Southern New Guinea and the 
irver portions of the Malay Archipelago; and a few genera range 

rough Polynesia; but the great majority of the true Australian 
species are unknown outside the Australian continent 

In the southeast, and especially in Tasmania, there is a marked 
fusion of plants whose relationships are with the Andean and 
Fuegian vegetation of South America.’ Most of these ‘ur also 

New Zealand. 

Comparing New Zealand with Australia, there is found a good 
jeal in common in the floras of the northern districts, 1. e., the 
Malayan rain-forest vegetation. This type is, however, of very 
much greater importance in New Zealand, where in spite of a much 
‘ooler climate, a large proportion of the trees and shrubs are more 
r less closely related to Malayan ones. 

There is strong evidence of former connections with the tropical 
regions to the North, and it is quite as likely that the Malaya 
genera which New Zealand shares with Australia have been de 
rived from the North and not directly from Australia. 

The distinctively Australian genera are relatively few in New 
Zealand, and a striking feature of the flora is the absence of such 
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predominant Australian genera as Eucalyptus and 


family Myrtaceae, with over 800 species in Austra 
twenty in New Zealand, only one genus, Leptosp: 
typically Australasian. The Proteaceae. which ren 
mum in Australia, with more than 650 species, | 
representatives in New Zealand. There are, howe 
able number of Epacridaceae, and several Austra] 
orchids, as well as Compositae and Leguminosae. 
suggested, however. that some of these forms mig 
Zealand origin and migrants into Australia. 

Most of the ferns common to the two countries 
Australian-Malayan species, but mention should by 
viz., Todea barbara, common to northern New Zeal 
South Wales and also found in South Afriea. 

The Fuegian genera already referred to are most 
Australia and New Zealand. Of these there are twe 
common to the two countries, among which may 
Astelia, Muehlenbeckia, Drimys, Nertera and the ev: 
Nothofagus.* 

There are sufficient resemblances between the flo. 
lia and South Africa to indieate some former lar 
between the two, but it is probable that the connectior 
at a very remote period. 

In South Africa, as in Australia, there is a remar!} 
opment of Proteaceae, but there are no genera commo 
indicating a very long period of separation. The 
(Ericaceae) which are a marked feature of the Sout 
flora are replaced in Australia by the Epacridaceae 
suggested’ that the two families are offshoots of a con 
differentiated since the disappearance of a former land 

It is pretty well agreed that at one time all the gr 
land masses were connected more or less completely. 
‘‘Gondwana Land’’ has been given to an assumed ert 
continent, existing in late Permian time, and embrac 
part of the present South American, African and Aust! 
nents, as well as parts of India and Malaya. Just how 
connections remained is not entirely clear, but if the) 
into the Cretaceous, or early Tertiary, this would ex) 
of the apparently anomalous facts of the present dist! 
the floras of the southern hemisphere. 

We have also to take into account the great anta 
nent. At present this is practically destitute of an) 

4 Cockayne, loc. cit., p. 206. 

5 Maiden, loc. cit., p. 181. 
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but there have been found fossils indieatine the fo; , 
f a vegetation related to that of South Ameriea and New 
Further investigation may show th: 

tension of the present antarctic continen 


s much more favorable 


north 


for vevetatio 


ther discoveries of fossils should show that 


hemisphere during the Tertiary, ther 


nr 


practically uniform flora encireling the 


was als 


- 
riope THIS 

ike mprehensible both the resemblances and differences now 
‘isting in the floras of the southern land-masses. 


Migrants from this common southern flora 


atel completely 
in the present widely separated countries, would in 


nt tt 
0 


fourse 
ime show greater or less divergence from each ot} 


rea 


ng upon the amount of change in their environment 


» expected that in the cool humid climate of New Zealand, the 


volution of the primordial southern types would be very different 


from those subjected to the hot and arid conditions of 
\ustralia, which is supposed to be the birthplace of 
strietly Australian plant-types. 


Wester 


most oft t} e 





THE SCIENTIFIC MONTHLY 


EASY GROUP THEORY 
By Professor G. A. MILLER 


UNIVERSITY OF ILLINOIS 


HE report that the title of the chair of ‘‘diff 
integral ecaleulus’’ in the University of Pa 


cently been changed to ‘‘the theory of groups 
culus of variations’’ may tend to create a de 
part of a larger group of scientific men to und 
essence of a mathematical group and the role 
group concept is assuming in modern mathematic: 
ments. The fundamental importance of the concepts of 
and integral caleulus in various fields of science has 
recognized, and the change of title noted above does 
that the theory of groups and the ecaleulus of variat 
supplant the differential and integral caleulus. It does 
imply that the former subjects are also sufficiently 
and fruitful to merit prominent recognition in a | 
matical center. 

Paris may justly claim a very large share in the « 
ment of group theory. <A Parisian, A. L. Cauchy, is 
regarded as the founder of this subject, while other P 
eluding A: T. Vandermonde and E. Galois, did import 
ing work in this field. Although J. L. Lagrange is cor 
garded as a French mathematician his pioneermg wor 
theory was done before he settled in Paris. The 
treatise on this subject was written by a Parisian. 
peared in 1870 under the title Traité des substi 


équations algébriques by C. Jordan. 


In group theory as well as in differential and integr 
the first extensive formal or abstract developments are 
lish and German mathematicians. In the case of the latt 
the authors of these developments, viz., Newton and L 
commonly regarded as its founders. Fortunately this | 
been done as regards the former subject. Notwithst 
fundamental importance of formal developments a: 
formulations the real life of mathematies abides in its « 
the conerete. In the case of group theory this contact | 
phasized especially by S. Lie, F. Klein and H. Poi 
rapidly increasing prominence of this theory during 
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ntury is largely due to the writings of these three men, who 


have been leaders also in various other lines of mathematical aec- 
tivity. 

A dominating mathematical concept, like a dominating per 
sonality, has a charm of its own, and creates a kind of atmosphere 
shich is as invigorating as that of a real university or that which 
pn from any group of real scholars. A fundamental notion 
of a mathematical group is that ‘‘there is no new thing under the 

It is true that we speak here of generators and generational 
relations, but the objects which are generated were members of the 
group since the beginning of time and will remain members thereof 
throughout eternity. We study the group to perceive this same 
ness in its various forms and to understand the relative properties 
of the various elements which unite to make a single element of 
the group. 

The non-technical meaning of the term group suggests little as 
regards its technical meaning except the invariance of the number 
of its elements. In a non-technical group one usually thinks of 
the elements as units which may or may not have the power of 
reproduction. In the former case the elements thus produced are 
usually new elements of the group. In the technical group the 
elements have necessarily the power of uniting, but when they 
unite they neither produce any new element nor lose their own 
identity. The union merely exhibits the possible decomposition 
of an element of the group, or the different ways of securing ¢ 
pluribus unum. Union, unity and stability constitute the trium 
virate of the theory of groups. The stability here noted is not 
the stability of statics but the stability of dynamics. It is a kind 
of invariance under transformations. 

What is perhaps of most interest in this connection as regards 
the non-mathematician is the question why the concept to which 
we referred above is so fundamental in mathematics. It is 
well known that mathematical developments have been largely 
guided by the desire to secure intellectual penetration into the 
workings of nature. Do we find in nature numerous instances of 
the union of elements of the same kind to produce an element 
of this kind which is really not new but belongs to a totality which 
has been clearly defined? For instance, one may think of the 
totality of the transformations of space subject to the condition 
that the distance between every pair of points in space remains 
invariant. It is evident that if one such transformation is fol- 
lowed by another the two together are equivalent to a single trans- 
formation of the totality in question. Hence we say that this 
totality constitutes a group. 


Vol. XV.—33. 
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It is also clear that the totality of the natural num! 
they are combined by addition has the property that no 
ber arises from the combination of any two of them, 
combination of one with itself. In both this totality 
totality of transformation noted in the preceding parag 
evident that if z, y, 2 represent three elements of the tot 


if any two of them are supposed to be known then th 
completely determined by the following equation: 


zy=e2 
The term group is commonly used in mathematies in th 
sense that the third of any three elements is completely d 
by such an equation where any two of them are suppos 
given. Moreover, it is usually assumed that when any 
ments are combined the associate law is satisfied, but 
assumed that the commutative law is necessarily satis 
two of them are combined. 

Even when these restrictions are imposed there ar 
of groups almost wherever one turns. It is true that 
table and the animal kingdoms one sees new elements aris 
fusion, and mathematies is naturaliy called on to deal 
such conditions, but if one looks deep enough here there s 
be a union of elements without loss of identity of the « 
and there seems to be nothing new in the profound forma 
sense. Hence one may see some significance in the follow 
ment made by Poincaré shortly before his death: 
of groups is, so to say, entire mathematics, divested of 
and reduced to a pure form.’’ 

In the groups noted above the number of elements is 
As instances of a finite group we may consider the six 
which transform a fixed equilateral triangle into its 
eight movements which transform a fixed square into its 
special instances are, of course, of little interest to 
scientist except as illustrations. The thing that may 
to command the interest even of the educated layma: 
that these very evident considerations appertain to 
mathematical theory. 

Group theory did not arise from such obvious cons 
After it was partially developed as an autonomous sci 
its more obvious applications received special attention. 
degree of difficulty seems to create the most favorable atn 
for scientific developments. In group theory this atmosph 
created by the nm roots of the algebraic equation of the f 


l¢ 


form: 
z* + a,z"'+a,27°7*+...+4, 0 
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It is customary to speak of z as the unknown and 
equation of degree m in one unknown. As a matter 
milan has n roots and all of these are unknown, so 
a equation in ” unknowns. The constant coefficient 
2, were known to be symmetric functions of these n unknowns be- 
fore the subject of group theory was developed. 

The mysterious appearance of m unknowns to take 


the one which presents itself openly is perhaps sufficient 


{ 
an atmosphere suitable for scientific endeavors. At any rat 
in this atmosphere that our subject arose and hence we 
here a few of the early steps in its development. It is 
these steps were taken by men who seemed to have no idea that 
they were dealing with notions which had the wide 
‘n other fields of mathematical endeavor. 1 fact, 
nlorers of group theory died long before any one realize 
notions with which they were dealing were destined to 
large part of the science of mathematics. 
The n roots of an equation of degree n with constant 
constitute a group in the non-technical sense of the tern it the 
croup of this equation is something very different and lies much 
deeper. It relates to a certain totality of permutations 
: roots, or substitutions on these n roots, leaving invaria 
possible rational function of these roots which is equal 
stant, and having the property that if a rational function 
roots is invariant under these substitutions it is equal to a con 


stant. These fundamental properties of the n roots of the equation 


n question were first noted by E. Galois, a French mathematician 


of great renown, although he died before reach 
twenty-one years. They were sufficiently difficul 
atmosphere suitable for the development of our 
autonomous science. 

A study of the permutations of n things might 
to promise little of importance. It is true that |} 
Galois attention had been called to this subject by Lagrang 
Vandermonde in connection with the question under what eondi- 
tion a rational function on n variables can be expressed rationally 
in terms of another such function, but it was not until long after 
the days of Galois that mathematicians began to realize the funda- 
mental importance of this subject in the study of a large variety 
of mathematical questions. When the substitutions arising from 
these various permutations were studied by themselves they were 
seen to combine according to laws which are found almost everv 
where when the data are sufficiently connected to admit mathe- 
matical treatment. 
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The reader who has given little attention to mathematica] 
velopments may be inclined to ask, If the notion gro 


fundamental why did the ancients and even such emine 


thinkers as Descartes and Newton pay no explicit attent 
Why does the theory of groups not have an ancient prot 
differential and integral caleulus, whose prototype is f 
method of exhaustion of the ancient Greeks? Does 
sonable that a subject founded only three quarters of 
ago should really deserve such a dominating positior 
mathematies as is claimed for group theory in what 
present paragraph? Does the history of mathematies p: 
other instance of the sudden rise of a dominating cone 
ing into practically all the large branches of mathemat 
The fact that the last of these questions must be answ 
the negative tends to enhance the interest in the ot 
negative answer calls also for a word of caution for there 
that the reader might infer from it that the subject of gro 
has greater merit than really belongs to it. It seems 


matical developments have always been guided by the 
cept. In the words of Poincaré ‘‘the ancient mathematic 
ployed groups in many cases without knowing it.’’ 
question in mathematical developments is that one 
right road. The ability to explain why one has chosen 
is of secondary importance. In fact, the best teacher is | 
unable to give a good account of his methods while 
ferior teacher may be able to talk glibly about methods. 


Group theory is largely a method and those who are st 


this subject by itself may be compared with those who are 
their attention to methods of teaching. Just as the latter 
necessarily the best teachers so the former are not necessar 
best mathematical investigators. Possibly the bacteria wi 
tended to make the teachers colleges such a prominent 

our modern universities have also caused the emphasis « 
theory in modern mathematics. Just as some of our best 
have never read a work on methods of teaching so some of t 
mathematical investigators have never secured a speaking : 
ance with the notion of group. In both cases the real essence 
the subject has been acquired unconsciously, or, at least, wit 
the development of a formal language relating thereto. 

The fact that modern mathematicians emphasize the gro 
cept while the ancient and medieval mathematicians did 
this does not imply a change of mental attitude. 
the modern mathematicians secured a somewhat deeper 
into various subjects and thus discovered evidences 
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which were unknown to the older mathematicians. 


? these groups they developed also the theory relating to the groups 

later which the ancients used implicitly, but it is questionable whether 

te the modern mathematicians would have developed a theory re- 
’ lating to the latter if they had not been inspired by the former. At 
' anv rate, they did not take any steps towards such a theory before 
they had this additional motive. These observations may serve 
as partial answers to questions raised above relating to the late 

: development of our subject as an autonomous science. 

5 The heading of the present article suggests that some of the dk 
velopments of our subject can not be properly called easy. In facet, 
by far the larger part of these developments presuppose a rather 
extensive technical knowledge and hence they are unsuited for a 
popular article. Among all the scientists the mathematician works 

I usually at the greatest distance from his postulates, and hence he 

: has the greatest difficulty to exhibit the results of his toil to t] 
public in the hope of securing appreciation, which he craves with 

r the others of his fellowmen. In group theory this distance has 
become especially long even for a mathematical subject, but this 
theory does extend also into the experiences of all thoughtful per 

sons. The present article aims merely to direct attention to t] 
+} richness of the mathematical developments which have contact w 
road these particular experiences and thus to secure an easier appri 
to some of this richness. 
If a group contains a finite number of elements this number is 
ealled the order of the group. For instance, the 24 different m¢ 
vine ments of space which transform a cube as a whole into itself but 

tis 9 interchange some of its parts constitute a group of order 24. T! 
most elementary group of a given order g is cyclic; that is, it is 
composed of the powers of a single one of its elements. For 
instance, the g numbers which satisfy the condition that the gth 

ap” power of each of them is equal to unity constitute this group of 

, order g, where g is any natural number. It is evident that the 24 
has different movements which transform a cube into itself are not 

hest powers of a single one of them. Hence they constitute a n 

nf eyelic group of order 24. In fact, none of the elements of this 


group has to be raised to a higher than the fourth power in order 
to obtain unity, or the identity. 
One of the fundamental problems of abstract group theory is 
the determination of all the possible groups of a given order g 
It was noted above that there is one and only one cyelie group o 
every possible order g. When g is a prime number there is no other 
ht group of this order. This is also sometimes the case when g@ is 
composite but there is no upper limit to the number of groups 
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which may have the same composite order. That is, it 
possible to find a number g such that the number of th 
abstract groups of order g exceeds any given finite nur 
addition to the two groups of order 24 noted above the: 
others, which were first completely determined in 1896 by 
ent writer. The lowest order for which the number of 
exceeds the order is 32. There are 51 distinct groups of 1 
The verification of several of these statements would 
beyond easy group theory. They may serve, however 
a type of inquiry relating to our subject. Fortunately, s 
most important and far-reaching phases of this subject 
the easiest. For instance, the group of all the transfor: 
space which leave invariant the distances between ever 
points can easily be comprehended. Those geometric figu 
can be transformed into each other under this group may 
equivalent and we may confine our attention the st 
geometric properties which remain invariant under the tra 
tion of this group. We thus obtain a body of knowledg 
ealled Euclidean Geometry, but this term is also ofte 
different meanings. Following the custom introduced b 
some still use it to denote all the geometry in which th 
postulate is assumed. 
It is clear that in geometry it is undesirable to er 
study every figure as an individual since one could not mak 
progress in this way. What people have always done ir 
ject is to confine their attention to invariants under certair 
groups of transformations. It is true that the ancients 
specify these groups and that we do not usually do this 
in a first course in elementary geometry, but for the 
student, at least, the developments become much clearer 
specification is explicitly made. If we add to the transfor: 
noted above those which do not preserve the size of the figures | 
do preserve their angles, so that all similar figures are regard 
equivalent, we obtain a larger group, which has been called 
principal group of geometry. The body of knowledge relat 
the invariants of this group is commonly known as Element 
Geometry. In particular, all circles are equivalent in this gé 
and all squares are also equivalent here. Some writers call t! 
geometry Euclidean Geometry. This is done, for instance, 0 
61, volume 2, Pascal’s Repertorium der héheren Mathematik 
These observations relating to the groups of geometry 
serve also to support the implication noted above that group t! 
is vften a kind of mathematical luxury. One can frequently 
along without a knowledge of this subject where a knowledge 
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thereof would add greatly to the intellectual comfort. 
that the mathematical world traveled far without making explicit 
of this subject which now receives so much empha 


4 
4 
- 
“ 
a 


use 
closely related to that which they were doing is perhaps best ex 
plained by viewing the matter from this standpoint. It need 
scarcely be added that group theory has also served to point out t! 
way to easier methods of attack and to more powerful means of 
penetration, but this applies more especially to the more difficult 
group theory and hence lies outside the domain to which the head 
ing of the present article relates. 

In the opening sentence of this article we alluded to the fact 
that in the University of Paris there is now a chair entitled ‘‘the 
theory of groups and the calculus of variation.’’ This should not 
be construed to mean that the developments of these two subjects 
have as yet much in common. In fact, there are few large mathe 
matical subjects whose developments exhibit as little explicit use 
of group theory as those of the calculus of variations. Possibly 
the title noted above indicates that there will soon be a change in 
this direction. This title also raises the question whether our 
larger American universities should not have more chairs devoted 
to special subjects. The creation and occasional renaming of such 
chairs would tend to direct attention to leading investigators in 
various fields, an attention which often needs cultivation on the 
part of administrative officers. 
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THE HISTORY OF THE CALORIE IN 
NUTRITION 


By MILDRED R. ZIEGLER 
(FROM THE SHEFFIELD LABORATORY OF PHYSIOLOGICAL CHEMI 
YALE UNIVERSITY, NEW HAVEN, CONN.) 


; ie nomenclature of a science is of vital importa 
intimately bound up in the subject itself. Special t 
words are used to describe the phenomena which are bei: 
Lavoisier emphasized the importance of nomenclature 
‘*Traité Elémentaire de Chimie’’ (1789) when he stated: 
branch of physical science must consist of three things; 1 
of facets which are the objects of the science: the ideas v 
sented these facts, and the words by which these 
pressed. Like three impressions of the same seal, the wor 
produce the idea, and the idea to be a picture of the fact 
can only communicate false or imperfect impressions of t 
to others, as long as precise terms are lacking.’’ 

The calorie as defined in the science of nutrition is a 
of food value. The significance of the word calorie as 
to-day is not the same as its import when first introduc 
French language. To the student of nutrition the word 
something quite different from the term as employ 


physicist. It is the amount of a food substance which o1 
tion in the body will yield energy—heat or work—equiva 


ealorie as understood by the physicists. Even the term 
ployed by the latter to-day has undergone a change from 

inal meaning (1845). As first defined the calorie represent 
amount of heat required to raise one kilogram of water t 
one degree centigrade. It is well known that the same ter! 
means the amount of heat required to raise one gram of 
through one degree centigrade. The calorie, then, has had 
still does have—two somewhat unlike meanings according as | 
gram or kilogram of water is the unit of mass, the tempera‘ 
of which is being changed and the energy required for this cl 
is being considered. Both of these meanings are preserved 
scientific literature of to-day, the larger unit being desig! 

a large calorie and written Calorie. 
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It is quite evident that either the small calorie or 
Calorie may be the more convenient unit with whic 
t change depending upon the magnitude of the ch; 


] 
Lieu. 


ual 
or 


‘od in the form of heat required to raise one gram 
n its freezing point to its boiling point obviously 


1. The physicist in expressing the amount of enere 


th a relatively small energy change which if express 
ts, as discussed above, is in the neighborhood of one 
jlories. In such eases the little calorie is the conv 
ploy; on the other hand experiments in the field of 


ive demonstrated that the energy changes are of such magni 
nit for expressi! y thy 


that the Calorie is the more convenient unit 


ititatively. 
The derivation of the word is very interesting; 


rom the old French word ‘‘ealorique’’ which wa 


‘fealor.’’ Lavoisier introduced 


Ss aer 


in term 
is defined at that time as an elastic fluid containing the 
the phenomena of 


suse of the sensation of heat and to which th 
This meaning was abandoned with 
As far as a review of the literature 


attributed. 

to which it belonged. 

Bouchardat (1845) was probably the first to define it 

In his ‘‘ Physique élémenta 
- 


accord 
the modern physical conception. 


we read: ‘‘Unité de chaleur—On designe sous le nom « 


chaleur ou de calorie celle qui est nécessaire pour éleve1 
‘eau d’un degré du thermométer centigrade.’’ 


The idea of measuring heat in this way had been 
for some time, but the word calorie had not been intro« 
Pouillet (1832) in his ‘‘Physique’’ defined the heat liberat 


by combustion of different substances as ‘‘Elévation de t 


] | 


iuced ea 


nperat 


que 1 gr. de chaque substance en se brillant avee l’oxigéne « 
He ascribed the value 6195° to 


muniquerait a 1 gr. d’eau.’’ 
aleohol which checks closely with its caloric value as now known. 
Although the French had coined the word in the year 1845, it 
apparently was not in general use for some time; for in 1852 Favre 
and Silbermann’ in an article on heat wrote: ‘*We shall repea 
that the unit which we have adopted is that adopted by all 
physicists, that is, the quantity of heat necessary to raise 1 gram 
of water 1 degree and which they call unit of heat or calorie.”’ 
The Germans evidently took the word from the French, but it 
dificult to determine at what time. Gmelin (1817-19) in 


phus . 1852, 


1 Favre and Silbermann: Ann. de chim. et | 
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‘*Handbuch der Chemie’’ uses the same idea as the 
but refers to it as did Pouillet. As late as 1871 Se: 
it necessary in an article on heat production and m 
define the word ‘‘ecalorie’’ in a footnote. 

According to a eontributor to Murray 3 ‘‘New 
tionary on Historical Principle’’ (1888), the word 
first introduced into English in 1870 by T. L. Phipso 
lation of ‘‘The Sun’”’ by the French astronomer, Améd 
Before this time the English had spoken of heat w 
ferred to Joule’s mechanical equivalent of heat, 1 
water raised 1°C=423 metrekilogs. This was the 
Frankland’s* classic treatise ‘‘On the Origin of Muse 


The derivation of the word ealorie has not reveal] 


ing ; for that it is necessary to consider the history of 
combustion and the potential energy of the foodstuff 
scientists animal heat offered a difficult problem, surro 
much mystery. They could not explain it by any kno 


or physical laws. They did not assign any cause 
scribed it as an innate quality, something ‘‘vital’’ sit 
heart and distributed to the body by the blood v 
Aristotle, Galen). The principal function of the 
distribute the heat, while the great function of respirat 
cool this distributing medium. Mechanical and chem 
were accorded to heat production. As a history of the 
concerned only with the chemical theories, the mec! 
deseribed by Haller (1757)*, Boerhaave (1709)° and 
raries will not be discussed here. Willis (1670)° was 


1] 
nic 


the first to consider an idea of combustion in heat product 
said that there was a ‘“‘combustion’’ in the blaod deper 

fermentation excited by the combination of different chen 
stances. All the chemists of the time considered anit 
product of a ‘‘fermentation’’ occurring in the blood wl 
heart. Willis’ term ‘‘combustion’’ was not in accord 
modern conception in which oxygen is essential, as this 
had not been discovered. A more correct opinion was en! 
by Mayow (1674)* who had experimented on the elements 


} 


-—* 


2 Senator: Centralbl. f. d. med. Wiss., 1871, IX, 737, 753. 

3 Frankland: London, Edinburgh, and Dublin Phil. Mag. and 
1866, xxxii, 182. 

4 Haller: ‘‘Elementa Physiologiw,’’ 1757. 

5 Boerhaave: ‘‘ Aphor. cum Notis Swieten,’’ pp. 382-f 

* Willis: ‘‘De Aeccensione Sanguinis,’’ 1670. 

7 Mayow: ‘‘Tractatus Quinque,’’ Oxonii, 1674. 


ae 
ve 
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air and described a ‘‘nitro-aerial spirit’’ (oxygen). He held that 
the function of respiration was not to cool the blood but to enable 
this fluid to absorb nitro-aerial gas for generating heat. Mayow’s 
theory did not appear to make any considerable impression upon 
his contemporaries. It was not until Joseph Black’s 1755)* ex- 
periments on fixed air were performed that more correct ideas 
prevailed. He showed that the gas expired from the lungs is 
the same as that produced by combustion of fuel, thus establish- 
ing a relationship between combustion and respiration. Black 
was forced to relinquish his theory by his contemporaries who 
claimed that if the lungs were the sole seat of combustion the 
amount of heat produced therein would be so great that the vitality 
of the organ would be destroyed. 

The production of heat by a combustion of foodstuff 


merely suggested at this time (1677) with no air of conviction 


S Was 


that such could be the case. It appears that Descartes should re- 
eeive the eredit for first suggesting the correct theory regarding 


heat production in the animal body in his ‘‘De Homine’’ (1662 

He thought that the change produced in the food in the stomach 
was analogous to the heat produced when water is poured upon 
lime or aqua fortis on metals. Hunter (1761) in his dissertation 


“On Blood’’ incidentally remarks that ‘‘the souree of heat is in 
the stomach.’’ He had previously expressed dissatisfaction with 
all prevailing theories of animal heat. Hunter's idea is to be re- 
garded merely as his suggestion, with as yet no clear-cut data to 
justify its assumption of the rank of an established theory. 

It remained for Lavoisier, the father of modern chemistry, to 
prove by his carefully performed experiments that animal heat is 
not caused by any mystical ‘‘vital foree’’ as the ancients believed, 
but is a phenomenon analogous to the burning of a candle, namely, 
the combustion of carbon. He repeated, verified and added ex 
periments to those of Black and Priestley, and explained more ex- 
plicitly than had ever been done before the source of animal heat. 
In 1780 in his ‘‘Mémoire sur la Chaleur’’ published in collabora 
tion with Laplace he gave in detail the theory of heat essentially 
as we have it to-day. By means of the calorimeter the heat evolved 
during the formation of a definite quantity of carbonic acid was 
compared with that produced during the formation of the same 
amount of this compound during respiration. These investigators 
saw that in such transformations identical amounts of heat were 
produced. They concluded that animal heat is derived from the 
oxidation of the body’s substance. 


* Robison: ‘‘ Joseph Black,’’ Edinburgh, 1803. 
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The publications of Lavoisier’s time and before that had 
of heat as ‘‘chaleur.’’ Pouillet (1832), the physicist. 
‘Scientists confused the cause of heat with its effect. The 
it chaleur, fluide igné, matiére du feu. Finally in refory 
chemical nomenclature Lavoisier, Bertholet, Morveau and F 
have called it calorique. This term was adopted by the 1 
of the time; and they reserved the word ‘chaleur’ to desjo 
science which treats of the properties, effects and 
ealorique.’ ’”* 
‘‘Mémoire sur la Respiration des Animaux’’ published 


An interesting use of ‘‘calorique’’ is f; 


Lavoisier and Seguin. They state, ‘‘1. Que le caloriqu: 
de chaleur) est un principe constitutif des fluides (S, 
générique nous comprenons les airs et les gaz.) et qu 
principe qu’ils doivent leur état de’expansibilité, | 
et plusieurs autres des propriétés que nous leur 
There is no reference to a heat unit, calorie, in Lavoisier 
tions. He defines the amount of heat in terms of the y 
melted in a given experiment. 

Although the early physiologists suggested the correct 
animal heat, it is significant that they considered h 
chemical reaction, as stated by Descartes. Apparentl) 
no idea of a combustion as understood in the modern se 
ring in the tissues, for they did not consider the source 
heat in starvation. Even physiologists of 1803 like R 
not consider starvation in their texts. 

Lavoisier taught us the true cause of animal heat, but ! 
not explain the theory as to-day because the law of tl! 
tion of energy had not been formulated. Joule (1544 
masterly researches evaluated the mechanical equivaler 
and largely on this basis Mayer (1845) gave expression 1 
of conservation of energy, the application of which was 
Helmholtz. Energy cannot be destroyed or created. As « 
ancient Greek Democritus (370 B. C.) once said, ‘‘ Not! 
ever become something nor can something become not! 
nihilo nihil fit, et in nihilum nihil potest revertt. 

Dulong, Depretz, Regnault, Reiset, Pettenkofer and V: 
tributed considerable to the study of animal heat and 
helped to perfect the calorimeter. It remained for Rub: 


and 


®‘‘Chaleur’’ probably would be translated thermodynamics 


ealorique’’ heat. 
10 Lavoisier et Seguin: ‘‘ Mémoire sur la Respiration des Anin 
11 Rubner: Zeit. f. Biologie, 1883, xix, 313; 1885, xxi, 250; 
40; 1894, xxx, 73. 
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prove that physiological activity in the animal body is no excep- 
tion to the operation of the law of conservation of energy. He 
showed that chemical change is the cause of animal heat. 
He diseovered that the animal is a living calorimeter in which food, 
when burned, changes into another form of energy. Rubner. 


experimenting with dogs, measured the body’s income and output 


of energy, and determined the relation of heat produced by oxida- 
tion of the foodstuffs ingested to the products which are given out. 
This figure he compared with the energy produced as measured by 
the calorimeter and found an agreement within one per cent. This 
remarkable result has since been confirmed by other investigators 
who have been aided by modern methods, the refinements of which 
are difficult to describe adequately. Rubner’s important conclusions 
that the foodstuffs are oxidized within the body in a manner simi- 
lar to their oxidations in a chemical laboratory. The law of con- 
servation of energy therefore applies to the animate as well as to 


are that energy is not destroyed or created by the living organism: 


the inanimate world. 

When calories are mentioned in nutrition, it is from the point of 
view of food fuel value. The calorie value of a diet is a factor of 
great importance in nutrition. Frankland (1866) was the first 
to determine this for various foodstuffs by oxidizing them in a 
calorimeter. He did not express the results in ‘‘ealories’’ but 
rather as ‘‘heat units’’ (loc. cit.) which had the same value. Stoh- 
mann (1879)'* and Rubner (1883) were apparently the first to use 
the term calorie as it is now applied in the science of nutrition. 
Rubner made three outstanding contributions regarding the 
ealorie in nutrition: (1) He applied its present day meaning to 
the term; (2) he determined the caloric value of protein, fat and 
carbohydrate, figures which are widely used in determining the 
energy content of a diet; (3) he drew the distinction between the 
absolute and physiological heat values of foods. By absolute heat 
value he meant the amount of heat yielded by a substance when 
oxidized in a bomb calorimeter; the amount of heat produced by 
the substance in question when burned within the animal body he 
regarded as its physiological heat value. These values may or 
may not be identical, a fact which is of fundamental importance 
in the science of nutrition. 

Calorie as a mere word explains nothing. It is a symbol for 
an idea, however, which, as we have seen, has undergone changes 
brought about by the development of several sciences. Ancient 


12 Stohmann: Journ. f. prakt. Chem., 1879, xix, 115. 
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and hazy notions regarding the phenomenon of fire 


tion first contributed to this concept, placed on a firmer { 


by the clarifying influence of Lavoisier. The broad g 
regarding force in nature, receiving its impression in 
the conservation of energy, played its réle in the evolut 
idea and should probably be regarded as the most impor 
contributing to the development of this notion as it e: 
The history of the calorie in nutrition, therefore, is w; 
in the history of nutrition itself and the fundamenta 
sciences upon which this branch of knowledge rests. 
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SOCIAL LIFE AMONG THE INSECTS 
By Professor WILLIAM MORTON WHEELER 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 


rurnE [V—AntTs, THEIR DEVELOPMENT, Castes, Nes? 
FEEDING HABITS 


[] 

There is throughout the animal kingdom, as I believ 
was the first to remark, a clear correlation on the one 
tween a solitary life and carnivorous habits and on the oth 

tween social habits and a vegetable diet. The beasts 

f prey, the serpents, sharks, spiders and the legion 
insects all lead solitary lives, whereas the herbiv 
eranivorous and frugivorous birds and plant-eat 
nsects are more or less gregarious. Man himself is qui 

) develop populous societies without becoming increasing 

rian. Compare, for example, the sparse communiti 

rnivorous Esquimaux with the teeming populations of the pure) 
vegetarian Hindoos. The reasons for these correlations are obvious. 
for plants furnish the only abundant and easily obtainable foods 
nd, at least in the form of seeds and wood, the only foods that 

» sufficiently stable to permit of long storage. In the previous 
lectures I have shown that the social beetles and bees are strictly 


egetarian and that the social wasps, though descended from 


highly predatory ancestors, are nevertheless becoming incre: 
ngly vegetarian like the bees. The ants exhibit in the most strik 
ng manner the struggle between a very conservative tendency to 
retain the precarious insectivorous habits of their vespine ancestors 
and a progressive tendency to resort more and more to a purely 
vegetable regimen as the only means of developing and maintain 
ing populous and efficient colonies. Anthropologists have dis 
tinguished in the historical development of human societies six 
successive stages, designated as the hunting, pastoral, agricultural, 
‘ommercial, industrial and intellectual. Evidently the first three, 
the hunting, pastoral and agricultural, are determined by the na 
ture of the food and represent an advance from a primitive, mainl) 
flesh-consuming to a largely vegetarian regimen. Lubbock showed 
that the same three stages occur in the same sequence in the phylo 
genetic history of the ants. At the present time we are able to 
give even greater precision to his outlines of this evolution. 


1 Lowell Lectures. 
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All the primitive ants are decidedly carnivorous. + 
tory hunters of other insects. That this must have h 
acter of the whole family during a very long period 
is indicated by the retention of the insectivorous hal 
or less mitigated form, even in many of the higher a 
striving to rear as many young as possible, always 


exploring, the ants early adapted themselves to ever, 


environment. They came, in fact, to acquire two 


each peopled by a sufficient number of insects, 

pods, ete., to furnish a precarious food-supply. Most 
learned to forage on the exposed surface of the soil a 
and became what we call epigwxic, or surface forms, wl] 
number took to hunting their prey beneath the surf 
and thus became hypogeic, or subterranean. Many « 
are very primitive but their number has been repeate 
from higher genera, which by carrying on all their ac 

the soil have found a refuge and surcease from a t 
competition with the epigwic species. We have hi 
interesting cases of convergence, or parallel developme 
underground habit has caused the workers, which 

leave their burrows, to lose their deep pigmentatio: 
yellow or light brown and to become nearly or quite bli: 
be evident in the course of my discussion, the tend 
vegetarianism is apparent among both the epigwzic 
forms. 

The ants belonging to the oldest and most primitive su 
the Ponerine, Doryline and Cerepachyine and also t 
the lower genera of Myrmicine, feed exclusively on 
therefore represent the hunting stage of human societ 
to the difficulty of securing large quantities of the k 
to which they are addicted, many of the species form 
pauperate colonies, consisting of a limited number of n 
workers. Many of these species lead a timid, subterr 
In the size of their colonies, which may comprise hund 
sands of individuals, the Doryline alone constitute a 


ception, but one which proves the rule. These insects, 
driver, army or legionary ants and very largely confined 
torial Africa and tropical America, are strictly carniv 
being nomadic and therefore foraging over an extensive 
are able to obtain the amount of insect food necessary to t 
and maintenance of a huge and polymorphic population. 
are the famous ants whose intrepid armies often overrun bh 
in the tropics, clear out all the vermine and compel the 

inhabitants to leave the premises for a time. In Africa they ! 
been known to kill even large domestic animals when t! 

tethered or penned up and thus prevented from escaping. 
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ystoral stage is represented by a great 
especially of Formicine and Dolich 
largely on ‘‘honey-dew.’” This swee 
of which there was much speculat 


s 8 noOW known to be the sap of plants an 


ts in two ways. First, it may be 
ill glands or nectaries (*‘extraflo: 
leaves or stems, where it is eave! 
ts. Second, a much more abunda) 
by a great group of insects, the Phyt 
lice, seale-inseets, mealy-bugs, leat 
» gregariously on the surfaces of plant 
a erce the integument of the pla 
jinted mouti-parts and imbibe their juices 
taining in solution cane sugar, invert sug: 
unt of albuminous substance. In the 
sects much of the cane sugar is split 
latively small amount of all the 
hat the excrement is not only abundant but 
1 less eane sugar. This excrement o1 
pon the leaves and is licked up by the 
eetlv while it is leaving the bodies of 
of ants have learned how to 
d the honey-dew by stroking the 
ind eare for them and even to keep 
shelters or barns. Some ants have 
certain plant-lice that the, 
fall, keep them in the nests over wi 
tribute the hatching young over the su 
is was therefore justified in ealling 
rattle of the ants (‘‘ha@ formicarum vacca 
s, in fact, carried on in all parts of the wo 
with so many species of Phytophthora that 


most harmful of the multifarious activit 


pressible habit of protecting and distributing 


nseets, ete.. is a source of considerable damag 


cultivated plants and especially to our fruit-trees 


? 


crops. Ants mostly attend Phytophthora on the 


of plants, but quite a number of species are hy] 
themselves to pasturing their eattle on the roots. 
mon garden ant (Lasius americanus 
the roots of Indian corn. 

The habit of keeping Phytophthora was probably 


it 


dependently in many different genera, and it 


s 


is\ 


now 


the habit of feeding by mutual regurgitation among the ants them 


selves might have led to the behavior I have been 


\ XV.—34 


dese! 


| 


) 


Cc 
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tainly the genera that have developed trophallaxis a) 
members of their colonies are the very ones which mos 
attend the Phytophthora. And it is equally certai 
habit is very ancient, because it was already establish: 
ants of the Baltic Amber during Lower Oligocen 
as we have seen, was many million years ago. 

The dairying habit has led to an interesting s) 
certain species known as ‘‘honey ants,’’ which 
gions or those with long, dry summers. These ants 

‘ry advantageous to store the honey dew collect: 
of active plant growth, and as they are unabk 
those of wasps and bees, have hit upon the inge) 
the crops of certain workers or soldiers for t] 
ants, as we have seen, the crop is a capacious sac, b 
honey ants it becomes capable of such extraord 
that the abdomen of the individuals that assum: 
mated demijohns or carboys, becomes enormously e) 
fectly spherieal. Such ‘‘repletes’’ (Fig. 66) are « 
walk and therefore suspend themselves by thei 
ceilings of the nest chambers. When hungry 
ureita 


stroke their heads and recelve bv res 


honey dew with which they were filled dium 


The eondition here deseribed, or one of less 
been observed in desert or xerothermal ants 
rated regions and belonging to some nine d 
Mvyrmicine, Formicine and Dolichoderine (M 
Prenolepis in the United States and Northern Mex 


Camponotus, Leptomyrmex and Oligomyrmex in A 


ant (Myrmecocystus 


aspect « f insect; bd, 





SOCIAL LIFE AMONG VHE INSEt 


\éromyrma in Africa and Pheidole in Aust 
rn United States 
re direct vegetarian adaptation is see) 
inhabit the same desert or xerothermal 
ts. In sueh regions inseet food is at no ti 
en so searce that the ants are compelled to 
arse herbaceous vegetation. 
wx, illustrate this adaptation: 
omessor and Solenopsis in America, Messo1 
omma, Tetramorium and Monomorium 
region, Meranoplus in the Indoaustrali: 
‘ymyrmex in the Ethiopian region an 
varmer parts of both hemispheres. It 
that some of these ants actually sov 


1SSES and other herbaceous plat ts Trom 


ls, but this has been disproved. They 


sked and stored in special chambers or 
rfieial and dryer parts of the form cary 
as food the proteids are preferred to the 
seeds and are also fed to the larve. Messo 
vhich Solomon refers, 1s one of these harv: 
of them disdains insect food when it ear 
idavtation to crushing hard seeds is so 
eenera that the mandibles have becom: 
blades have become broader and mor 
nlarged to accommodate the more po 
In certain forms Pheidol Me 
‘mex) the soldiers or major workers si 


| seed-erushers of the color \ 


} 


harvesting ants can hardly be regar 


beeause thev neither sow nor eult 


a | they obtain the seeds. Yet there Ss 
properly be described as horticultural, name! 
rmicine tribe comprising about 100 exclusively 
ranging from Long Island, N. Y., to Argent 
resented by species only within the tropics. Th 
ral genera (Cyphomyrmex, Apterostign 
neoerypta, ete. the species of which are small 
rm small colonies with monomorphic workers, wl 
Acromyrmex) are large and aggressive and 
is colonies with extremely polymorphie workers 
irasol ants inhabit the savannas and forests of Sout! 
“a, Mexico, Cuba and Texas. Their exte 
the formation of large mounds and ofte) 


rea (Fig. 67). Aceording to Branner, 
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on Brazilian Atta serdens mav eo) 


ters of earth, and the population of a color 
to Sampaio, may number from 175.000 to 600.000 
s. Of course, the size of the mounds varies with 
xeavations, which are much shallower in the 

thal the dry savannas. From their mounds 
well-worn paths through the surrounding veg 


fvetatio 


; 


oliate bushes or trees, cutting large pieces ou 


and carrying them like banners to their nests. 
then cut into smaller fragments and built up Oo 
large nest chambers (Figs. 68 and 69) in 
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masses. which become covered with a white. mo 


mycelium (Figs. 70 and 71). The latter is treat 


known manner by the smallest, exclusively hypoga 
ers, so that the hyphx produce abundant clusters « 
eal dwellings, the bromatia (Fig. 72), which are e 
and fed to their larve. Each species of Attiine ar 
own particular fungus and no other is permitted 


nest. That the bromatia are really anomalous 
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fact that they do not appear when 


ants 1s indieated by the 
Alfred Moel 


s grown in isolation on artificial media. 


cus | 


ortion of fungus garden ot the Texan leat-cutting 
ne half natural 


FIG, 71 
a colony of Ap 
by Mr 


us garden built in a Petri dish by 
Guiana. Natural siz« (Photograph 
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ified lium (bromatium ) 
ellerius heveri he globular swelling 


ants. (After ( 


+ 


ler, who was the first to eultivate 
belonging to the Agaries and named 
phora, Either the ants prevent the 
or, more probably the subterranean cond 
mycelium is cultivated are unfavorable t 
Moeller was also unable to obtain the mushro¢ 
but found those of Rozites growing on the 
doned Acromyrmex nest. That the fungi 
Attiini belong to several different genera 
Spegazzini who have recently been able to 
of the fungi cultivated by several Argentinia) 
mex lundi, e. g. cultivates Yylaria micrura Spee 
Poronwpsis bruch L opeg. and A tta vollenwure 
Locellina Mazzuchu Speg. (Fig. 73 

The lower genera of the Attiini differ i 
such highly specialized forms as Atta and 
nests are smaller and there are differences 
substratum, or substances on which the fung 
species of Trachymyrmex suspend the garden 


the nest chamber instead of building it on the 


species of Apterostigma it is enclosed in a spheri 


dense mycelium, so that, except for its larger size 


bles the silken egg-case of a spider. These ants an 


Cyphomyrmex and Myrmicocrypta, use the ex 


insects, especially of caterpillars, as a substratum 


+ 
( 


and one species, Cyphomyrmerx rimosus, eultivates a 


fungus (Tyridiomyces formicarum Wheeler), whic! 
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4 
- “ ee Wo . 
a GE — “ ‘ 
— _ <> 


b 


tie 
t 


form of a mycelium but of isolated, compact 


ying little pieces oft Ameriean cheese. and CONSIS 


The same or a very similar fungus is 
species of Mycocepurus. 
How do all these Attiine ants come into possessio! 
fungi which they cultivate with such consummate skil 
on 1s, of course twofold, sinee we should like to k 


nee 


individual colony obtains its fungus and how the a 


existing Attiimi first acquired the fungus-growing 


rte 


former question has been answered by the very 
gations of Sampaio, H. von Ihering, J. Huber and 
Brazilian Atta serdens and of Bruch on the Argenti 
mex lundi. The virgin queen of these species, befor: 
parental nest for her marriage flight, takes a good m 


The hyphx, together with the strigil sweepings from he) 


the subs 


+ 4 
eal 0 


ow} 


and, aceording to Bruch, also some particles of 
are packed into her infrabuccal pocket, where the) 


pellet, which she retains till she has mated, thrown 


orm 
off hea 


and made a small chamber for herself in the soil. She the 


the pellet on the floor of the chamber where its hypha 
nutriment from the 


Fie. 74A 


beg ! to 


proliferate in the moist air and draw their 


extraneous materials with which they are mingled 


The queen carefully watches the incipient garden and aecelera 
C and D She begins 


Tes 


its growth by manuring it with her feces 
to lay eggs (Fig. 76 A) and even breaks up some of them and adds 
enough to form a 


Fig. 74 B to F 


them to the garden, which soon becomes large 


kind of nest for the intact and developing eggs 
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The young larve on hatching proceed to eat the 
eventually pupate and emerge as small workers. 


through the soil, bring in pieces of leaves and add 


garden. The eare of the latter then devolves on t} 


the queen henceforth devotes herself to laying eggs 


is now established and its further development is m: 
of enlarging the nest, multiplying the gardens and 
population. Thus Atta and Acromyrmex transmit 
plants from generation to generation in a very sin 
that is, merely by the queen’s retaining, till she has est 
nest chamber, the infrabueeal pellet consisting of 


in the colony in which she was reared. And there is 


Stages in the development of the fungus garden 

tinian Moellerius hyeri A, pellet of substratum 

from the queen’s infrabuccal pocket. The hyphz | 

same pellet after 3 days, with 4 eggs; C, same pellet 
droplets of feces with which the queen manures the hypha 
after 12 days, also showing droplets of feces; E, small fungus 
days, with 32 eggs; F, same after 40 days. The magnificati 


is very nearly 10 diameters. (Photographs by Dr. Carl 





SOCIAL LIFE AMONG THE INSECTS 


ntrabuccal pellet ot 
n gelatine. X10 
had tailed t 


graph by 


to suppose that the same method of transm 
the maternal to the daughter colonies is pr: 

era of the tribe. 

Of course, the answer to the questior 

the Attiini acquired their food-fungi 

purely conjectural. Yet certain observation 

and myself seem to indicate from what simpl 

the elaborate fungus-growing habits may have beer 
examination of the infrabuceal pellets of the most diverse 
shows that in nearly every case they contain fungus spore 
pieces of mycelium collected from the surfaces of their bodies or 
from the walls of the nest. Moreover, many ants have a habit of 


casting their pellets on the refuse heaps, or kitchen-middens of their 


nests, and Professor Bailey finds that in the case of certain African 
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FIG. 76 
Behavior of the queen of Moellerius heyeri 


laying an egg. The incipient fungus garden in wl 
shown to the left resting on the floor of the nest cl 


an egg in the fungus garden which is sticking to the 
nest. C, queen photographed in the act of placing 
fungus garden. Magnification 5 diameters. (Ph 


Bruch 
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friendly queens « 


which is adhering to the glass wall 


graph by Dr. Carlos 


Crematogasters that live in the moist cavities of plant 
Cuviera ) the refuse heaps consist very largely of sucl 

ind produce a luxuriant growth of aérial hyphe whic 

by the ants. From such a condition it is, perhaps 
step to the establishment of small gardens consist 

the pellets and later of these and accumulations of 
terials, such as the feces of the ants, those of caterpillar S al 
vegetable detritus, ete., which might serve to 

ind inerease the growth of the fungus. Tl 

species of fungi and their careful culture 

evidently specializations that must have been estab! 
the stages represented by even the most primitive existing 
‘ould have been attained. 


ancestral 


Whatever may have been the processes whereby the 
Attiini developed the fungus-growing habit, it must have originated 
n the more humid portions of the tropies, since neal ly all the more 
primitive species of the tribe are still confined to the ran forests. 
But certain species soon found that by sinking their galleries and 


‘hambers to a greater depth in the soil they could easily carry on 
their fungus farming even in arid regions. Thus some species of 
Moellerius, Trachymyrmex and Cyphomyrmex have come to live 


in the dry deserts of Arizona, New Mexico and northern Mexico, 


and as they can always find in such localities enough vegetable ma 
terial for the substrata of their gardens, they have attained to a 
control of their environment and food-supply, which even the hu 


man inhabitants of those regions might envy. 
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THE MARINE FISHERIES, THE STATE anp 
THE BIOLOGIST 


By WILL F. THOMPSON 


M*. of the great marine fisheries of the world 
jurisdiction of more than a single sovereien 
great North Sea fisheries, those of the Grand Banks 
fisheries of the Fraser River (now nearly extinct), a 
fisheries of the North Pacifie might be cited as « Xamp 
seem that this divided ownership has reacted most disast 
their care. Responsibility seems in such cases to 
not divided, and the net effect is that no one « 
own interests to maintain the fishery tor the ber 
splendid scientific work done in the North Se 
with the relative futility of the movement to eons: 
bottom fisheries there by regulatory laws. There is si 
echinery capable of overriding the selfish interests o 
country, supplemented as it always is by the ger 
nation seems to think it necessary to have of 

The case seems far more hopeful, whe 
of authority. And in many of our great stat 
are entirely under the legal control of as 

That is true in California, where there 
common to both its own water and the water 
country save of the sparsely inhabited desert 
to whose less exploited fisheries vessels ofte 
California ports. There is thus no possibilit 
sibility—the care of its fisheries devolves upo 


virtue of the Constitution of the United Sta 


ical position, No question ol nationalis 


that of sectionalism. As a result, the f 
fisheries for th people of 
faulty organization of 
of the nece ssity of consery 

The securing of this proof of the condition of th 
in California, as everywhere else, been recognized as 
function of the responsible government, and the 
of that function is vital te the success of any popu 
toward conservation. Unlike the forests and the mi 


ownership has never been granted in the fisheries, save 
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; and those of certain fresh w 
pular opinion is entirely 
interests have grown up who 
nt of their activities. Someth am 
ecessary before what seems to them confis 
in. And they have in the past shown a 
ll for any but well-based movements toward 
general policy of conservation is, moreov 
by men among the public who no 
not know the value of evidence. The 
xistenee of depletion may carry weight 
ds and mammals, any honest man may ol 


wel 


; 
erests 


s own eyes, and where powerful 
But 


+ 
nT 


in the marine fisher 


es th 
t easily observed and the evidence n 


_ S no} 


comprehensive character. Under sue 


conservation, raised hysterically and | 


entists at times, must in the lor 


iry ot 


ru 
the cause at stake. And measur 
or passed In response to pleas ma 


n the end fail to justify themselves 


+ 


| knowledge, while a protection to the 


exploitation, is equally such to the caus 
t should not only prevent this lack of b 
but it should prevent the growth 


0 


> be curtailed. 


This necessity of knowledge was 
horities of the State of California \ 
sent system of observing the fisheries 
rd was based on the following facts: 

rate knowledge already exists to prove the sus 
§ in general to overfishing; secon 
The 


ease of each individual fishery 


knowing the strain a species will stand sa 
one; third, that such a course of actior 
» TH 


maintain a constant and intelligent ward 
nd finally, that sueh a ward is possible and tl! 


lous and prolonged statistical and biological in 
In regard to the first point, the existence of p 
es are exhaustible, we must turn to the oldest 


fisheries, namely those in North Europea 


seas 
nions of many, these great fisheries cannot 
illed ancient. The use of steam vessels began i 
rawl first came into use in 1895, laying open to 
depths of the ocean below fifty fathoms; while the 
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keting and the extent of the demand increased eg 


recent great industrial expansion. The latter 
velopment of railroads, the refrigeration of food p: 
of cans for their preservation, fast steamships to 
growth of city life as a market, ete. Meanwhile, as 
kins (‘‘The Sea Fisheries,’’ 1920) as an illustratio: 
the times, the number of fishing vessels in the px 
Scotland, increased 258 per cent. in the period 1897 


cording to the estimate of the same authority. ae 


} 


of others, the efficiency of each steam trawler 
eight times that of the sailing trawler it displaced 
independence the steamer has of weather and 
fisheries in other parts of the world are 
and show the same _ great increase 
not necessarily in eatech. If these facts are e 
possible to doubt that, unless civilization comes to 
with the destruction of our highly developed 
of our industrialism which builds towns and 
the brink of an era of exploitation of our fishe 
erest of such an era. And the existenee of 
comes a serious problem, for if the fisheries do s| 
indeed a serious question whether they will 
stable parts, survive the coming strain. Fait} 
that of the world implies eare of our resoure 
That they do show depletion in certai 


The most clearly ascertained instances at 

bottom fisheries. Thus the halibut 

Pacific has decreased with great rapidity 

of the North Sea for pla ee and other 

stang (‘‘The Impoverishment of the Sea,’* 1900 
exhaustible, but in rapid and continuous process 
This conclusion has been seconded and supported 
in the various countries around the North Sea 
examination of the statistics in their care, as 
Thompson and others, such as Jenkins and All 
bottom fisheries already show exhaustion, since tl 
tionary, are most highly valued, and were first 

not to be expected that ‘*nelagic’’ fish will show 
the imposition of greater strain, even though they 
dant. But in this connection, it must, indeed, be rem: 


y 


there is no aecurate means of determining whet! 


actually are more abundant than other fish in the oc 


; 


we do know that the cod and the herring, for insta! 
numberless. as some estimates have made them. 
Against such a view there has been urged the 
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fisheries seem to be prospering and to be continuing on a firm 


sis. That fact may be granted, however, without conflicting with 
above conclusions. It may be admitted that the total yield of 
fisheries does not everywhere seem to decline, but it can be 


: ler orras ° - riyy 

-oved that continuously greater toil is required to obtain it. That 

s decreasing yield for the effort involved does not attract more 
lered 


attention should be understandable when it is considered that the 


t of catching fish is but a fraction of the cost of distribution. 


cost | 
us the fisherman may receive eight cent Ty | where the 
would 
id but a fifth to the retailer’s price. The cost of obt: 
fish could be multiplied many fold without seriously affecting 


to 


final price to the consumer. The latter is, moreover, willing 
pay high prices for a product to which he has become accustomed 
and the rarer it is the more he will pay. The iner 
cost does not seem, in fact, to be of the greatest imp 
There is also this fact to be taken into considera there 
re influences which actually counteract the effect of increasing 
scarcity in raising the initial cost. The accompaniments of that 
tensified exploitation which results in depletion are the constant 
broadening of the fishing grounds, the inclusion of more than one 
species of fish and of inferior quality in the catch of the boats, 


+ 


the development of means of preservation, the constant improve 
ment of gear and the increase in quantity of apparatus. All these 
things tend to eliminate the great and sudden fluctuations in 
amount of yield which are characteristic of fisheries confined to one 
species or one locality. These variations in yield render the ex 


ploitation of the fisheries expensive and uncertain because the 


periods of abundance must be made to pay interest upon the capital 
Their 


and to maintain the organization during periods of scarcity. 
elimination as a result of intense fishing undoubtedly does reduce 
the cost of fish to the consumer, perhaps to the extent that for a 
while the influence of depletion in raising the initial cost will not 
be felt. 

But in the end that very fact may defeat the natural safeguard 
which should protect a species, namely, the lack of profit in carry- 
ing on a fishery when it comes dangerously near to exhaustion. It 


becomes possible to prolong a fishery because other species are 
taken; the by-product becomes the mainstay of the business and 


the depleted species is kept under a strain for which it could not 
itself pay. If it were not for cod, perhaps the halibut fishery of 
leeland might have long since collapsed ; and if it were not for the 
cheaper round fishes, the flat fishes in the North Sea might be pur 


sued far less rigorously. On the Pacific coast, the tuna and sardine 


Vol. XV 
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fishery of California may have been of considerab] 
the albacore fishery. In fact, the objection often ra 
sibility of over-fishing that the fisheries are prospe) 
they would immediately cease to prosper should deplet 
not a valid one. But that they would ultimately i 
over-fishing seems sure. 

Another basis for scepticism as to the reality of 
sible exhaustion has been the seeming boundlessnesgs « 
its resources. But every fisherman knows that 
which fish of a given species are found are 
less so in the eases of ‘‘ pelagic’’ 
vet highly limited nevertheless. And tl 
the sharp limitations which temperature, 
rents place every species, so that it is 
small part of the ocean which yields our com 
are, in fact, limited largely to the area of the 
the continental shelf, where there is drainage fro 
to comparatively small parts of that shelf. h 
duetive area is concerned, Gran and others 
corresponds in general with the distribution of the n 
organisms which are vastly more abundant where « 
found; and upon these plankton organisms fish must 
exist in the final analysis. And even where conditio 
favorable, and the fisheries are highly developed, as 
Sea, Allen (‘‘Food from the Sea,’’ 1917) estimates 
yields but fifteen pounds of fish per year while pasture 
seventy-three pounds of beef. In accordance with these f 


, 


experiments which have been made in marking fish and ol 
the frequency of recapture have shown that the fisherm: 

to take, and do take, a very high percentage of the b 

the North Sea. What they do with other fish, such as th 

and the sardine, or in any other regions, is for the most 
known. It is therefore a mistake to assume that the resources 
the sea are inexhaustible, or that over-fishing characteriz 
areas easily replenished from without. 

There is, indeed, no manner of gauging in advance th 
ivity of the ocean, in so far as edible fish are concern 
the first place obvious to students of the matter that t! 
of food present for fishes does not determine abundance 
than the amount of grass did determine the abundance of 
falo on our plains, or of deer in our forests. But it is cert 
the rate of reproduction varies widely, and with it t! 
resistance to depletion of the species of fish. Such matters 
production, length of life, varying mortality at different s 


Tame 


+ 


time of sexual maturity must all be taken into account, 
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with the sharp limitations provided by climat 
eonditions. Moreover, the relative amount of 
available food is unknown, although we 
mercial fishes are probably but a small part 


’ 
Ti 


be supported by the sea. And even if the a 

were a gauge to its resistance to a 

sarily have to be—there is thus far 

taining the abundance of any one 

save within limited areas of the ocean. 

s no method of measuring the amount 

stand save by submitting it to a strain. 
The only hint which can be obta 
fisheries in California come fro 

lnetive area with that of the North Sea 


show decline. It is, however. ver 


area, Save by the width of the contin 


the one hundred fathom line 
130,000 squares miles (nautical 

it is about 7,500 square miles. In the former ease t 

300 miles wide and 450 long, but in California the average width 
is but 8.4 miles, much of this rocky or unsuitable for bottom fishes. 
In this connection it must be recollected that, as cited above, Gran 
and other authorities regard the presence of coastal water with 
land drainage in it as essential to the production of abundant 
planktonic life. Such water is abundant off the coast of Europe, 
but the California coast is more arid in nature, especially the south- 
ern portion. However, the great fisheries of California are of the 
‘“‘pelagic’’ type, regarding which such speculation may be limited 
in value. Nevertheless, it is probably safe to say, when all is taken 
into consideration, that these fisheries are far more limited in pro 
portion to length of coast line than is the case in the North Sea, 
and hence much more susceptible to overfishing. 

As has been said above, the possibility and actuality of over- 
fishing have been definitely proved, yet it seems true that there is 
no arbitrary limit which can be economically assigned to any 
fishery. It would be indeed sheer waste to impose a limit below 
what might be safely taken and the alternative is plain, to allow 
the imposition of all the strain the species will carry. It is, as a 
matter of fact, the only politically practical course of action, at 
the same time being the correct one from the scientifie stand- 
point. 

But it must not be forgotten that the acceptance of such a 
fact implies the serious duty of close observation and prompt ac 
tion, in ease of overfishing, by the government in control. That is 
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clearly recognized by the fishery authorities of Califor) 
the mainspring of their actions. 

These things having been recognized as true, it fol], 

a careful survey of measures necessary for such observat 
in order, and this has been made in so far as possible. Ff 
purposes the great mass of literature published by the 
countries around the North Sea was available. especially that 
by the ‘‘Conseil Permanent International pour 1’Exp] 
la Mer,’’ or inspired by it. It soon became evident t] 
impossible for the State of California to undertake the m 
of general inquiry into the varying conditions of the se 
life which had been investigated more or less by these Eu 
countries. That would have been tunnelling the mount 
moving it in its entirety. It was necessary for the state 

its efforts to those fields which had been shown to bear dire 

the ascertainment of the condition of the fisheries: nar 
measurement of the variance in abundance of the fishes 

the effects of fishing upon it and the biological criteria 
fishing. A careful perusal of much of the hydrogra; 
planktonic work demonstrated its remoteness from the 

hand despite its undoubtedly great ultimate value, and 

that most of the immediate questions could be solved to 
quired degree without their aid. There were necessary 
biological studies upon the fishes themselves, but above all a statis 
tical study of the fisheries and the fish. 

This method of approach, as Johan Hjort has most app 
ately said of a certain phase of it, is regarding the stud) 
fisheries in a similar light to the study of the vital statisti 
mankind. It involves primarily the taking of what amounts t 


‘ 
Lue 


comparative census from year to year in order to test 
abundance—not the actual abundance—of fish; then to det 
whether such great fluctuations as appear are due t 
causes or to overfishing. 

For this program, the legislature of the state has passed 
taxing the fisheries industries fifty cents per ton of raw fis 
for canning, and has definitely specified the duty of the age 
the state. It is unnecessary to give the details of these laws 


something as to their operation will be of use. 


Every commercial transactior involving the first sale 


accompanied by the giving of a receipt by the buyer up 
issued by the fish and game commission and of this receipt « 
is returned to the commission and another kept by the 
There are, therefore, actual records of all fish taken 
according to the boat and to the day. This unique system | 


most suecessful in its operation for the last three years 
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what we now know were widely erroneous estimates 
while the fresh fish dealer has frequently for the first 
of his own dealings. The results obtained have cont 
are in such detail that market conditions, changes 
fishing fleets, ete., may be readily discounted. So 
cial fishing boat becomes in effect a means of testing t] 
of fish, and it is possible to segregate the effects of 
from the effects of those economic changes which 
yield. This appears the necessary procedure from 
of investigators in the North Sea, and is preferabl limited 
experimental fishing which is possible. We do, in fact, feel eon 
fident that we will have a relatively accurate and ive record 
of the variations in abundance of fish in the ocean. 1 n studied 
in connection with biological facts. 

This scientific collection of statisties is the start 
the foundation for further investigations. The interpretation of 
the evidence drawn therefrom is the duty of the biologists engaged 


by the commission ; for the great fluctuations in abundance of fish 


which may be shown must be analyzed and their true nature dis- 
covered. Such natural fluctuations are very likely to be mistaken 
for depletion from overfishing; or, perhaps, if of opposite trend, 
as a contradiction of any theory of overfishing when they are in 
truth, as we have said, due to natural causes, and depletion may 
exist despite the temporary obliteration of the evidence. There 
must, as a consequence, be developed and utilized those biological 
eriteria which distinguish depletion due to excessive fishing. The 
biological knowledge necessary for the use and formulation of such 
criteria includes among other things the determination of age, the 
discovery of migrations and in so far as possible the correlation 
of abundance with natural physical conditions. One may justi 
fiably call it ecology on a vast scale. Granted a fair knowledge of 
these criteria, it is not exceeding the reasonable to hope that the 
fishery authorities will be able to give warning when depletion is 
occurring—and, indeed, unless a degree of confidence can be placed 
in the competency of the work, the exploitation of the fisheries 
should not be allowed to proceed freely, nor can freedom be had 
from the constant fear of ruthless exploitation. 

There is, in addition, a need on the part of legislators for com 
petent data upon which measures of regulation may be based. 
The imposition of arbitrary and reckless restrictions should be 
prevented by the acquisition of proper knowledge as soon as pos- 
sible. At present many of our fishery laws are untenable from a 
scientific standpoint, save in so far as they actually operate to re- 
duce the take. And even if it be said that legislatures will not 
take proper action, it would be a defeatist’s attitude to take to 
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fail to provide them proper knowledge upon which they might 
action. There are a great many legislators who will act al, 
line of their best knowledge, and more who will respond to 
gent pressure on the part of the public. 

In thus accepting conservation as a major policy be 
its dependence upon the legal powers of the state, the p: 
adopted in California has not been oblivious of the fact that 
work for that purpose has a very definite bearing upon som 
greatest problems of exploitation. As an example, the al 
of fish is subject to great natural fluctuations beyond the 
of man. The return from the fisheries vary greatly from 


day, from season to season, and from year to year. The 


waste is an exaggerated case of the same kind which the el; 


engineer meets when he is faced with the ‘‘peak load’’ ¢ 
mum use of electricity during a short period each day. 
apparatus must be available to carry this ‘‘ peak load,’’ 

the fish canners or dealers maintain the machinery and « 

tion for brief periods of maximum supply and _ longe: 
searcity as well as variations in demand which are dise 

both to the dealers and consumers. The meat packers, their 1 
need not do this. The understanding of these fluctuations so t! 
regularly recurring ones may be expected, others foretold 
provision made to meet or avoid them, is without doubt om 
most neglected functions of government scientists. The 
study of depletion necessitates just such an understanding of 
changes as will serve the industry. 

It must be acknowledged that in adopting such a prog 
stalling such a system of statisties and founding a Califor 
fisheries laboratory at San Pedro to care for the biological 
of the subject, the state of California is experimenting. It st 
remains to be seen whether popular support will be rendered 
project, either on the part of scientific men or the general | 
The field seems to be one in which the scientist, particula: 
biologist, should weleome a chance to show how his work can 
applied to the needs of humanity ; but, aside from this, bas 
ciples of animal life and behavior are really involved to suc! 
extent as to satisfy the most academic of men and are att 
with the aid of vast masses of material unobtainable through 
other source than the commercial fisheries. On the part o! 
public, it would seem that only a failure to understand or lac! 
faith in the competency of the work could lead to lack of support 

It is sincerely to be hoped that this effort to approach the prol 
lems of conservation upon a rational and well-balanced basis will 
meet with the reception its sincerity deserves. 
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DE ANOPLURiS 


By Professor G. F. FERRIS 


STANFORD UNIVER 


HE distinguished professor had attained som 
T distinction by reason of years of work 
small and little studied group of insects. His wife and small 
daughter chanced into his laboratory one day and discovered 
a student examining one of these insects through a microscope. 
The small daughter demanded a look and then came the inevitable 
question, ‘‘What is that?’’ 

‘‘That,’’ said the unsophisticated student, *‘is a louse. 

There was a moment of pained silence and then came the gentle 
but unmistakable rebuke from the professor’s wife, ‘‘We always 
eall them Anoplura.’’ 

Now these very insects are the subject of my present discourse 

and lest I again offend the delicate sensibilities of any one I have 
disguised my intentions by a title to which not even the most 
fastidious should be able to take exception. To be sure it means 
the same thing as something else that might have been used, but 
after all there is something in the name by which a thing is ealled. 
Even the scratching soldier, from whom one would least expect 
any delicacy in such matters, conceals the ident tv ol 
under the euphemistic titles of ‘‘seam squirrels’’ 
That the deference thus accorded them reduces in 1 ightest 
degree the frequency or the painfulness of their attentions may be 
doubted, but at least the victim is enabled thereby to retain a bit 
more of the shreds of his self-respect. 

In fact under the name of 


ecooties these insects may quite 


‘ 


properly become a subject even of parlor conversation. The word 


carries a faintly humorous connotation. One may without risk of 
immediate social ostracism speak of the great wads of hair that 
girls wear over their ears as ‘‘cootie coops.’’ True, such an ex 
pression might not be looked upon with favor in the most refined 
circles, but we need only reflect upon what would happen were 
the wording changed a bit to see what a concession has been gained 
for it to be used at all. 

It is perhaps a fortunate thing that this has happened, for even 
entomologists, who should have put all squeamishness behind them, 
have been more or less reticent in speaking of these particular 
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insects. The remark of an author writing in 1842 
progress of this work, however, the author has had to 
repeated rebukes from his fellows for entering upon 
tion of a tribe of insects whose very name was sufficic 
feelings of disgust’’ might almost be justified to-day. 
a rather recent entomological book it is said that 
habits lice are not popular insects even for entomol 
up,’’ and certainly the amount of attention they hav: 
never been large. 

Yet I confess to being a student of these insects 
without hesitation and without apologies. Not to me 
merely ‘‘disgusting parasites.’’ Not to me is the t 
man,’’ with which my botanical and chemical and ev: 
logical acquaintances, with a misguided sense of humor 
address me, a term of reproach. For, know you, t! 
few who can merit it, scarcely more than half a doz 
the world in fact. To us it is a title of distinction, an ey 
we few have been able te avoid the well-beaten paths of 


fly and beetle hunters and strike out into a but litt! 


country. For us it is a country of much interest and 
it?—even of some beauty. And it is my hope that in thes 
I may lead others to see in these disgusting parasites, thes: 
some of the things that we, their devotees, are able to see. 
For a proper understanding of these parasites, these | 
shall not hesitate henceforth to eall them, it should be ex 
that there are really two quite different sorts of them. O 
known as the bird lice or the biting lice, is found chiefly 
although there are a few species 01 mammals, while all t! 
of the other sort, the sucking lice, occur on mammals. Th 
very great difference in the manner by which thé species 
two groups obtain their food. The biting lice feed by biti: 
chewing up bits of hair or feathers or skin scales while the s 
lice feed by inserting their beaks through the skin 
up the blood of their host. Such a difference in habit is 
important thing, for with it is most intimately bound up the 
of the potentialities of the insects for harm to the 
which they live. 


1 { 


It is now a firmly established and generally recognize 


many of the most important diseases of man and of other a! 
as well are transmitted by insects. In by far the majority 0 


¢ 


+ 


the insects concerned are forms that live upon blood, tha 
pierce the skin of the animal upon which they feed. Thus 
ing upon successive individuals these insects may transfer 
producing organisms from one individual to another. This pot 


} 
cis 
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lity for evil is inherent in every blood-sueking 


bilities are realized to a high degree in those 
t live upon man, the familiar ‘‘cooties’’ of t! 
'nder the conditions that usually prevail in ; 
le for soldiers to keep themselves free from these 
was that certain diseases which are transmitted 
ne especially prevalent during the late war. Typhu 
fever are transmitted by lice, and as far as know 


d the measures for the control of these diseases 


chiefly against their insect carriers. The tremendous 


to these diseases undoubtedly had a profound effect up 
ing strength of the various armies. Who ean say to wha 
the course of the war may have been influenced by ther 

There are a few other diseases of man that are know 
earried by lice, and they have been suspected of carrying several 
others. It is known also that an epidemie disease of certain small 
Asiatic rodents is transmitted by the sucking louse that occurs 
upon these animals, and it is highly probable that there are many 
other cases of the same sort. 

On the other hand the biting lice, although far exceeding the 
sucking lice in numbers of species, are not known to be the earriers 
of any diseases. If they are abundant upon their host they may 
cause injury merely by the irritation of their crawling about or 
by the matting of the hairs or feathers to which their eggs are glued. 
Otherwise they are of no concern to their host. 

But however important and interesting this connection of lice 
with the transmission of disease may be it is not the only thing 
about them that is worthy of consideration. This connection with 
disease is simply a fact, and after all facts are not always as inter- 
esting as theories, even though they may be more important. Any 
one should be able to travel the plain and open road of fact, but 
there is more pleasure in the narrow and devious trail of theory 
that occasionally takes the traveler up into the high places-——and 
threatens always to lead him into a bog from which the utmost 
of mental agility may not be sufficient to extricate him! The most 
interesting thing about lice is not these highly important facts of 
hygiene. It is that they may be made to yield a contribution to 
biological theory. 

The starting point of this contribution is the fact that by far 
the majority of all the different species of lice, both of the biting 
and sucking groups, are found upon a single species of animal or 
at the most upon a few very closely related species. It is a curious 
fact that although horses and cattle and sheep have for many hun- 
dreds of years been in close contact in their stables each has re 
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tained its particular kinds of lice. There are at least foy, 
of lice upon domestic cattle, but these do not occur upo 
or sheep. There are at least three kinds upon sheep, but 
these has been taken from horses or cattle. There are at 
kinds on horses, but neither of these has been taken from . 
sheep. 

These instances may be paralleled by many others. 
ference is obvious. It is evident that under normal condit 
species of louse ‘‘prefers’’ to feed upon a particular ki) 
mal. In other words it is adapted to feed upon the bl 
dermal structures of this particular host and does not 
blood or the epidermal structures of another kind of host a sui 
food. Furthermore these insects are very reluctant to leave ; 
host and even after its death may be found clinging to th 
feathers. Under experimental conditions lice have be: 
animals very different from those upon which they norn 
and it is true that sometimes under natural conditions they 
found upon an animal on which they do not belong. Still t 
not change the fact that usually each species of louse sticl 
closely to a certain kind of animal, passing from one indi 
another in the nest or at mating time. Thus it is that the p 
are in a way inherited by the young from their parents 
if I may be pardoned an atrocious pun. 

The next fact of interest is that the same species of louse 1 
be found upon distinct but closely related species of birds o: 
mals in widely separated parts of the world. Thus we hay 
the kingfisher in North America a louse that is the same as 
a kingfisher“in Egypt. Another species is found upor 
species of hawks throughout the world. Another is fow 
in both the Pacific and Atlantic Oceans. Another is 
ground squirrels in Siberia and in North America. 

Now all these animals are so widely separated that 
it is impossible for the louse of the African kingfisher to 1 
directly to the North American kingfisher or for the louse 
Atlantic seal to transfer directly to the Pacifie seal or for 
fer to take place in any one of the many other cases of this s 
that might be mentioned. Then how has the parasite managed 
get upon both of its widely separated hosts? 

There are enough facts of this character to demand some 
tempt at a logical explanation. There must be a reason for t! 
If we remember that these parasites are normally passed 
from one generation to another as a sort of racial inheritance 
if we follow far enough the train of reasoning that is thus init 


ot 


we can not but conclude that at some time this African kingfishe 


++ 
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snd the North American kingfisher, or the North American ground 
wirrel and the Siberian ground squirrel, or the members of any 


SY 


suc 


h pairs as We May name, were together as a single species. We 


have a set of facts that can not reasonably be explained unless we 
accept the theory of evolution. The conclusion is inevitable that 
at some time these kingfishers, or whatever they may be, had a 
eommon ancestor and that the shifting of land masses or climates 
r some other cause has left part of the descendants in one corner 
f the world and some in another and that there by various evo 
lutionary processes they have become sufficiently different to be 
ecognizable as different species. 

One of the most remarkable examples of the working out of such 
change is that of the llama and the camel. The paleontologists 
tell us that at one time there were many more species of camels 
ind eamel-like animals than there are now and that these animals 
first appeared in the New World. At the present time, however 
the only remaining representatives of this group are the llamas of 
South America and the camels of Asia and Africa. Yet, sepa 
rated by half the world—these cousins, or forty-second cousins, 
still show their relationship and their common ancestry not only 
in their bodily structure but in their parasites as well, for on both 
there is found the same species of louse. 

We can extend the list of facts much farther and still the answer 
of common ancestry is the only reasonable explanation of them. 
The louse of the domestie hog has its nearest relative in the bush 
pigs of Africa. The lice of one kind of squirrel are more closely 
related to those of other squirrels than they are to the lice of other 
animals. The lice of the domestic chicken have their nearest rela 
tives in the many different species of lice upon the other chicken 
like birds. 

Like nearly all theories, however, this one must allow for certain 
exceptions. We can lay down a general rule but it is almost too 
much to expect it to work always, at least if we are dealing with 
such things as living organisms. It is one of the difficulties in the 
way of the study of living things that they refuse to stay put. 
They simply will not go always into the little pigeon holes that we 
block out for them. Like men they must at times assert their indi- 
viduality by breaking our trifling little laws; they at times demand 
the right of living their own lives in their own way. In some in- 
stances related species of lice are found upon animals that are 
certainly not very closely related and sometimes different species 
of lice are found on animals that really ought to have the same 
kind. So it must simply be admitted that in some cases other in- 
fluences have been at work. Still the broad facts remain as I have 
pietured them. 
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All this leads finally and directly to the questio 


the lice of man?’’ And here the evolutionist may 


together in satisfaction. For here—in the most inte) 
of all—the theory works! The lice of man do ind 
nearest relatives in the lice of the apes and monkeys. 
is even possible that lice of some of the apes are really 
species that occurs on man. Nor can the argument t! 
are probably dealing with one of those exceptions t} 
tioned hold, for the facts throughout are entirel) 
with each other. 

So the evolutionist who, heedless of the fair name of 
would derive man from some ape-like ancestor finds 
bit of support for his theories. He finds another ston 
fending wall that piece by piece has been built abou 
will this wall, like the walls of Jericho, crumble befor 
of its enemies’ trumpets. Not even before the most sil 
of them. 

I would like to close this with a moral, but morals | 
of fashion and then it is obvious enough, anyway. 
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TOPOGRAPHICAL MAPS OF THE UNITED 
STATES 


By Professor WILLIAM MORRIS DAVIS 


HARVARD UNIVERSITY 


HE United States Geological Survey is still engaged pre 
paring a topographic map of our country. Progress thus 


far made is summarized on a large two-sheet map of the United 
States, on a scale of 1:240,000 or 40 miles to an inch, which serves 
as an index for all the quadrangles surveyed and published up to 
1921: but, as a matter of fact, there are large areas in certair 
western states which are here marked off as surveyed, but which 
are represented only by maps published nearly 40 years ago, on 
so small a seale and of such inferior workmanship that their areas 
must soon be surveyed again more worthily. The contrast between 
the vague, sketchy contours of those early maps and the minutely 
intricate and apparently accurate contours of the newer maps 
marks the advance in topographic standards during the interval 
of nearly half a century. 

But Americans as a rule are still topographically uneducated 
They are accustomed to ‘‘flat’’ maps, on which the form of the 
land surface, the ‘‘relief’’ as it is technically called, is either not 
represented at all, or else so badly represented that it might better 
remain unrepresented. Automobilists are coming to know some 
thing of the ascents and descents on the roads that they follow; 
but most of them are still so inexperienced in or distracted from 
the observation of the landscape that they do not look at it closely 
or attentively; and even if they do, they hardly see what they 
look at. The driver of a car of course should not be expected to 
turn his attention far to the right or left; but his fellow travellers 
may do so, and they would be greatly aided in seeing the country 
they traverse by carrying along the topographic maps of their route. 
The cost of the maps is very low; an inquiry addressed to the d 
rector of the U. S. Geological Survey at Washington will bring 
information concerning maps published for any desired pa 
the country. 

If distance lends enchantment to some views, appreciation lends 
enjoyment to many others, and appreciations of landscape views 


iS greatly in reased by the possession of a rood map. As examples 
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of the contrasts between different parts of the e& 
map of the Brasua Lake quadrangle, next w: 
lake in Maine, where the brooks, many of them ea 
have a well-defined flow only in their steep descent 
lands, while in the lower lands they are for the 
delayed in swamps or stopped in lakes; or of 
quadrangle, Pennsylvania, where the drainage is s 
that neither lake nor swamp is to be found. 

or double ridges, running in the zigzag pattern ot 
prevail with occasional enclosed limestone valleys. o! 
nose is a perfect type; or of the Rives Ju etion q 
igan, where the surface is agitated in the minut 
morainie topography with many kettles a 

Craig quadrangle, Missouri-Nebraska, where t 

the state of Missouri and Nebraska follows a 
Missouri river, which has now changed its cham 
left, thus inconveniently leaving patches o. eac! 
side of the river; or of the Natchez quadrang): 
east of the Mississippi are cut into a labyr 

ing ravines as they fall off to the broad fio« 
great river swings in large meanders; or of Li 
rangle on the coastal plain of Texas, where the sm 


~ 


no valleys and very few hills, but is pitted by countless 
small and large, holding wet or dry lakes. The var 


| 


raphy is infinite; the lover of mountain and valley, 
stream will find no end of enjoyment in striving 


many expressions. 

None of the maps are more remarkable than those w! 
sent the slopes of the great volcanic island of Hawaii. 
these have already been published, and four more s 
pleted are now issued as ‘‘advance sheets, subject to corr 
on a seale of 1:31,680 with 10-foot contours incompletel) 
Two of these sheets include parts of the Kau Forest Reserve 
a stretch of the Volcano Road that leads from Hilo on 
coast southwestward to the cauldron of Kilauea. All thes 
reveal admirably the long continuity of the gradual slope 
the voleano descends from its great height, the minut 
incised with sub-parallel courses down the slope, the 
ragged lava surfaces where the contours are given a minutel 
rate pattern, the occasional oblique or radial searps whic! 
indicate fractures and displacements in the huge mass, 
striking of all a vast bulging or convex slope, skirted ar 
southeastern base by the Voleano Road, which contrac 
general idea that voleanic slopes are concave. If these 
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ntinued so that, when mounted together, they ma 
share of the island, they will afford an unequak 
voleanie topography on a large scale. 


One of the several ways in which the newer may 


over the earlier ones is in the addition of submarin: 


the same vertical intervals as those on the land, 
the ocean and lake coasts. Thus the Cape Sa 


} 


rangle, California, shows the bold slopes of the Sa 
which descends to the Pacific with crewded 50-foot 
to be adjoined by a gently inclined sea-floor plain 
\0-foot contour lines across a breadth of from two 
shore. before a moderate slove to de p 
strong contrast therewith, the Portsmouth 
sea bottom off the coast of New Hampshire : 
s undulating as the land, although, perhaps bee 
seattered, the texture of the submarine undulat 
‘oarser pattern than that of the terrestrial surfac 
reason for the contrast between these samples of 
iantic borders is that the shallow sea bottom al 
oast has been uninterruptedly subjected to normal mai 
waves and ecurrents—by which land-derived detritus 
distributed ; while the sea bottom near the New England 
been recently, as the earth counts time, subjected to 
Another novelty on the recent maps is the additi 
bers and subdivisions of the reetangles, over 900 in all, which 
the whole country has been divided by the War Department. Thess 


rectangles measure one degree of latitude on the sides and one 
degree of longitude at the top and bottom ; they are numbered from 
north to south in successive columns, beginning on the Pacifie coast. 
Each rectangle is divided into north and south halves: and eaeh 
half into four quarters (I, northwest; II, northeast; IIT, south 
west; IV, southeast). Thus the Conejos, Colo., quadrangle of 
the Geological Survey nomenelature, on a seale of 1:96,000, is the 
298-S-II & IV quadrangle of the War Department. When the 
scale is large, the numerical nomenclature is somewhat unhandy 

thus the Firebaugh, Calif., quadrangle of the Survey on a scale of 
1:31,680, is the 60-N-IIT-W/2-SW/4 quadrangle of the War Depar 

ment. 

Outline maps of the states have been called for and prepared 
in recent years on a scale of 1:500,000. All are now completed, 
except that Nevada, Utah, Colorado and New Mexico are in press, 
and Texas is yet to be drawn. These maps will doubtless be issued 
eventually with contours, but for the present the map of such a 
state as South Dakota shows only its rivers and streams, many « 
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i 


which are printed in broken lines to show their 


its railroads, its county and village names, and 


the 
preliminary to selling the public lands. Many of 


in the central and western parts of the country 


section rectangles as marked off years ago by 


are 

crude surveys, which served their purpose well enoug 
were honestly made in plain country, but ia rough eo) 
was different. One of the recently issued Geological Sy 


of a quadrangle in a mountainous state explains in 


bottom of the sheet that the township and secti 


? 
LUI 


the Land Survey for a part ol the area are omitted 


. . . 


plats and topography ean not be reconciled and no [s 


t 
can be found.’’ This recalls a story of early days 
told by the late Professor Brewer of Yale, who was 
member of the California Geological Survey. <A desp 
captured after many deeds of violence, was about to | 
a vigilance committee. When asked if he had anything 
which he wished to confess, he said he had; but 
manifold murders that troubled him. The only misde 
he owned up with remorse had been committed wh 
assistant on the Land Survey; the law required tl 

of the square-mile sections should be marked with 
charred at one end and driven into the ground; 
confessed that, in a district where wood was scarce, he | 
the section corners with burnt matches. We are only 
a-century climb up from that rung in the ladder of our 
One of the most characteristic signs of our ascent to a hig 
is the preparation of a large number of excellent maps 


main, some examples of which are noted above. 
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WHAT NEXT IN IMMIGRATION 
LEGISLATION ? 


By Professor ROBERT DE C. WARD 


HARVARD UNIVERSITY 


Tue IMPERATIVE NECESSITY OF FURTHER ‘‘ PERMANENT’’ 
LEGISLATION 
HE present 3 per cent. immigration restriction 
T pire on June 30, 1924. What shall take its pl 
jitions which led to its adoption will still exist. We 


permanent tendency toward rapidly increasing 


deteriorating immigration, and millions of prospective 
overseas are impatiently waiting for the thirtieth of 
when they will rush in, in a seething chaotic mob, un! 
takes steps to stop them. 
THE OPPOSITION TO RESTRICTION 

To any program for restriction there is certain 
well-organized and heavily financed opposition. Tl 
is centered in (1) certain racial groups which are int 
in the future of America, but in the increase of their ow 
America; (2) employers who want foreign labor so cheap that 
lear at any price; who put pocketbook above patriotism ; 
steamship companies, who believe themselves to have vest 
in the United States as a dumping-ground for their human 
and (4) those who have been well termed ‘‘the ine 
mentalists.”’ Every effort is now being made to miscon 
present laws; to distort and misrepresent their effects; to make 
them unworkable and unpopular. These laws are being subjected 
to organized attack by ‘‘interested’’ individuals, alien racial groups 
and hyphenated societies, and certain influential newspapers which 
carry heavy steamship advertising. All of these are bent on 
making any restriction whatever appear unreasonable, unjust and 
inhumane. It is very important that the character, the motives and 
the tactics of this opposition should be known. 

Our GeneraL Immigration LAW MUST BE MAINTAINED AND 

ENFORCED 

There can be no question that our general immigration law of 

1917 must be maintained. This law names some thirty classes of 


Vol. XV.—36. 
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aliens who are excludable on mental, physical, m: 
crounds. These include the insane, the 


minded; those who have loathsome * danger 


Cases ; eriminals; prostitutes ; persons physically 


earning a living, illiterates, ete. In 
undesirable classes is so complete that, if the lay 
were always rigidly enforced, our immigration 
vive us far less trouble than it does. Our law 
our court and institution records show 
born. Our law bars the insane, but our 
in the northeastern States, are filled with 
those suffering from loathsome and dangero 
eases, and those suffering from physical disability t] 
ability to earn a living, but political ‘‘pull’’ ofte 
over the doctor’s certificate, against the express | 
clusion. Our law debars paupers; yet an insigi 
aliens is debarred on these grounds, although the n 
now arriving come without money, and are 
laborers. 

In a recent paper on the deportation system of 
Dr. H. H. Laughlin, of the Eugenics Reeord Offic 
Harbor, N. Y., brought together some startling facts 


A recent survey shows that in 1916 the several states 
average of 17.3 per cent. of their total governmental ex; 
taining custodial and charitable institutions. This 
5.4 in Alabama to 30.5 in Massachusetts. A surve 
for the several types of the socially inadequate, 
inmates, recently (1922) completed by the Commi 
Naturalization of the House of Representatives, found 2 
fifth of a million inmates to be of foreign birth and 4 
foreign stock—that is, of foreign birth or who hav 
foreign born. Thus if, on the average, it costs the same 
to maintain native-born and foreign-born inmates, then 


states are expending approximately 7.62 


per cent. of 
earing for degenerate and dependent human forejgn sto 
outgrowth of the asylum idea which has pervaded th 
policy. 


+ 


The proper enforcement of our general immigra 
volves not only a very careful and deliberate scrutiny 
riving aliens, but also a systematic and thorough rou 
aliens already in this country who are deportable b 
have become public charges, or who have been found 
certain other specified classes of undesirables which 
subject to deportation. Never yet since the law of 191) 
on our statute books has it been strictly enforced. It 


ry? 


credit of the present administration that a distinct im; 
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this respect was made during the pass year. And 
membered that strict enforcement leads to a certa 
mei 


enforcement, for the more aliens are debarred as 
fewer such attempt to get in. 

THE PERCENTAGE LIMITATION MUST 

The present 3 per cent. law is not pe! 
whole worked successfully, and has fully 
It is reasonably generous in permitting the 
n allowing unrestricted entry to tourists and oth 
and it has kept our ports open to a fairly on 
neweomers, for it should be remembered that it 
immigration of over 350,000. It has undoubte 


in some eases, but most of the new 


hardships have either been intentionally exagg: 


untrue. Public sympathy is easily aroused by 
real or fictitious hardship. The far more vital | 
present character of immigration is to affect 
of the future is more remote, and attracts less 


ml 


inistration of the law is fortunately in the ha: 
are enforeing it with justice and humanity. 

There is one point in connection with the 3 per e law which 
is often lost sight of. For a good many years before the war 
aliens from southern and eastern Europe largely outnumbered 
those from northern and western Europe. Under the new law 
these numbers are nearly equalized, so that if all nationalities fill 
their allotted quotas, the so-called ‘‘newer’’ immigration ean not 
contribute more than about one half of our annual inflow. This 
fact is biologically of great significance. In the fiseal year ending 
June 30, 1922, deducting emigrants from immigrants, we gained 
in Nordie stock, and lost in the natives of southern and eastern 
Europe. 

Those who attribute solely to the present percentage restriction 
the need of labor in certain industries are either wholly ignorant of 
the facts, or are intentionally trying to mislead the public in the 
effort to break down all restrictions and to flood the country with 
cheap labor. In this connection it should be realized that (1 
there has been a very considerable emigration of alien labor dur 
ing the recent period of business depression and unemployment; 
(2) if all countries filled up their quotas, which they have not 
been doing during the past year, there would be an annual inflow 
of over 350,000; (3) the countries of northern Europe have fallen 
much farther below the quotas than those of southern and eastern 
Europe, most of the latter having exhausted their quotas, thus 
showing that the intelligent and skilled labor of northern Europe 
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has not been disposed to emigrate to the United States: 
immigration of aliens who are natives of any countries 
New World is not subject to the provisions of the law: 
considerable proportion of our immigration under the 3 per 
law has been made up of sweat-shop workers, peddlers and x 
shop-keepers, not of strong, sturdy, intelligent laborers. 1 
clearly not the fault of the law, but results from the pres 
dencies of immigration. Thus the ‘‘need of labor’’ is by 
to be attributed solely, or even largely, to the percent 
thermore, there is little doubt that northern and west 
will fill up its quotas during the coming year, as immigrat 
those countries is increasing. The relation of immigrati 
tion to the rising scale of wages was so clearly stated by 
Albert Johnson during the closing days of the session of 
recently ended that we can not do better than to quot 
remarks on this point. 

Every good American sympathizes with workingmen in 
obtain decent wages and decent conditions. 
necessary supplement to a protective tariff. 
until all workers, native and foreign-born, whet! 
industries, get wages and have conditions comme 
standards and ideals if we are to maintain 
fact, our very civilizatjon. t as soon 
the point where the breadwinner can rear 
with American standards, the native-born will 
which they have been driven by the ruinous 
labor, often inducted into conditions amounti 


do rise to that level the native supply will 


native labor does in every other country. 


This is the situation in a nut-shell. 
As a result of the awakening on the part of our peo} 
effects of the practically unrestricted new immigration fro! 


1? ) ’ 


ern and eastern Europe and Asia, for the first time, and ag 
bitter opposition, the principle of numerical limitation has 
established by overwhelming majorities in Congress in a 


which gives equal treatment to all the nationalities which n 


our population as far as is consistent with the maintena 
what we know as America. This principle, which has bee! 


1mm 


and strongly advocated by leading authorities on 
should be made our permanent immigration policy. 
country, foreign countries, the steamship companies—all 
come more or less adjusted to a definite numerical limitat 
our alien immigrants. The machinery is in operation, and W 
remarkably smoothly, as much so as any restrictive legislatio1 
works. In reenacting a percentage law, whether it be the presen 


‘ 


3 per cent., or the 2 per cent. which has been suggested in cert: 
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bills lately introduced into Congress; and whether the percentage 
quotas be based on the census of 1910 or an earlier census. 
it would be wise to make the law somewhat more elastic. 
Reasonable provision should be made to prevent the breaking up 
of families. This could readily be accomplished by treating the 
immediate members of a family as a unit whenever some members 
could be admitted without exceeding the quota while the remain 
ing ones would otherwise be excluded because exceeding 

Exceptions in favor of bona-fide tourists, of students 


¢ 


fessional classes are necessary. Further, a maximum number of 


500 or 600 could wisely be set for the admissible aliens from cer 


tain countries whose quotas are very small under th: 
provision, and from which we receive highly desirable 
The quota from Australia, for example, in the 

is only 279 and that from New Zealand and Pacific 
80. With these changes, a percentage law such : 
would involve very few hardships. At the same time 
tions were carefully drawn, there would be no danger 
swamped by any such flood of aliens as swept in uy 
the war, and as will, in even greater volume come in 
we take steps to prevent it. 

It ean not be too strongly emphasized that, while 
argument in favor of the 3 per cent. law was economice, 
fundamental, lasting reason for its continuance is biologic 
side of the matter was so clearly and forcibly presented 
editorial note in the October number of the World’s W 
can not do better than to quote that statement here: 

} 


If America is to realize its fullest possil 
iple of selection. Up to the present time 
policy of opening our gates to all con 
recognized no distinctions among peoples, that we 
one presented better material for citizen hip than 
pinned our faith on the existence of so1 wor 
American atmosphere which could transmut: 
one. But the teaching of all history, as 
ical laboratory, show the absurdity of 
the nation has reached the point where it 
tifie and historical fact. 

This is really the argument in favor 
law. It does not directly apply this principl 
it does not in so many words limit immigration in 
+7 


tiv it does iccom! 


and particular nations. Yet indirec l | 
not dissimilar. It takes the population of 1910 as rep 

tions of different peoples which, under the practical limitations 

lem, may be regarded as furnishing the desirable racial composition of 
future United States. The great major ty of tl t . 
countries of northwestern Europe—Germany, 8S 

Ireland. There are few who have studied th 
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peoples as the most desirable elements with which to construct 


limiting future arrivals to three per cent. of these stocks, 


does provide that the American people of the future 
shall be chiefly from the races of northwestern Euro; 
why this law, or one based upon the same principlk 


permanent policy of the republic. 


OBJECTIONS TO A Fuat NUMERICAL LIMITATION WITHO 
SELECTION 

The sole purpose of such a numerical limitation 
bodied in the present 3 per cent. law is to cut down num! 
cause immigration was largely of an undesirable qual 
it down. The 3 per cent. law certainly does let in a smal 
of bad stock, but does not improve the stock, physically, ment 
or morally. It doubtless shuts out some highly desirab 
grants because the quotas are mostly filled with undesir 
Furthermore, being based on nationality, %. e., country of 
and not on race, it has made possible a disproportionat: 
tion of Jews to the exclusion of thousands of non-Jew 
This fact comes about because of the extraordinary act 
Jewish relief societies, both in this country and in Eu 
organizations take all the steps necessary to enable their co-re 
ists in Europe to emigrate to the United States, such as p: 
their passports, purchasing their passage tickets, and ¢ 
them en route to the ports of embarkation. Thus the annu 
from several European countries are largely filled with Jews 
this way the ‘‘flat’’ percentage restriction has been work 
injustice to non-Jewish aliens who desire to come to the 
States. 

It is because a flat percentage restriction works only « 
tively and not qualitatively that it is absolutely necessary 
tain and to enforce our general immigration law of 1917 


above. 


OVERSEAS INSPECTION OF PROSPECTIVE IMMIGRANTS IS N 
PRACTICABLE 


r 


There seems to be so many and such obvious advantages 
the prospective immigrant and to the United States 
some sort of examination overseas, that there is at pres 


+ 


spread demand for such inspection. This is no new ag 


has marked the history of immigration literature and de! 


at least thirty-five years. Such foreign inspection would see! 
our only way of looking into the antecedents, habits and ce! 
of our intending immigrants; of picking out those who b) 
and education are best fitted to become American cit 
eliminating, at the source, all those who, under our genera! 
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tion law, are physically, mentally, morally or 


gratit 
lesirable. Overseas inspection suggests itself as a 
of stopping most of the inadmissible aliens before they start on 
their voyage, and it should be welcomed by t 
nanies, for it would mean that few rejected alie 
taken back at the companies’ expense. 

The plan recently most widely ady 
States should establish an immigration 
fynetion in connection with the work of viséir 

a 

this country before his passport is viséd. 

On its face this plan seems sensible, wise a 
to offer a simple and practical solution of the in 


0 0n 


1+ 


Yet there are so many objections to it, and 
the way of its accomplishment, that for years al 
Congress which have considered it, as well as the Immig1 
mission of a deeade or so ago, and leading authorities on 
tion. have been forced to abandon it. A first object 
inspection is that it would necessitate a very large 
number of immigration inspectors and medical office: 
resulting heavy expense. If an undesirable alien 
before he leaves home and if the antecedents and ch: 
prospective immigrants are to be accurately ascertained, we must 
have our inspectors and doctors at all the thousands of places all 
over Europe and western Asia from which our immigrants come. 
For it is obvious that a United States immigratio 
consulate in Hamburg, e. g., making an examinatior 
a thousand Jews coming from all parts of Poland 
better able to determine their eligibility there than on the 
at Ellis Island. Of course, those who micht be ¢lared inadmis 
sible by the inspector at a European r * at some inland 
city where we have a consulate, would be saved the voyage across 
the Atlantic, but complete information concerning any alien could 
only be obtained in his home town or hamlet. In the seeond place 
overseas inspection would divide the responsibility between the 
officials abroad and those at our own ports, for there is no question 
that we must, under any and all conditions, always maintain our 
inspection service at our ports. In all doubtful eases, each in 
spector, the one abroad and the one here, would throw the respon 
sibility upon the other. Thirdly, overseas inspection, supple 
mented by home inspection, would work hardsh p on the aliens 
because it would never be certain that all with overseas certificates 
would be allowed to land on a second examination here. 

Lastly, whenever overseas inspection of prospective immigrants 


has been seriously considered by Congress, certain foreign govern 
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ments have objected to it on the ground that this count 
thereby be assuming extra-territorial sovereignty not 


ance with treaty rights. Delicate diplomatic problems a: 


volved. No scheme for foreign inspection could be d 
did not use the existing machinery of consular offic 
Honorable Albert Johnson has recently said, ‘‘Our consy 
are established under authority of trade and comm 
each of which sets forth specifically what functions ma) 
on by consular employees. Examination of persons wl 
plate migration to the United States is not included. 
that if we are to set up a plan for examination of im: 
seas we must of necessity revise many of our trade ar 
treaties.’’ This is the situation in which the United St 
itself in this matter of overseas inspection. 

[It is obvious that the interests of the United St 
of foreign countries are absolutely opposed in this n 
gration selection. We want the sound, able-bodied 
We do not want the defective, the delinquent, the phy 
The former are the ones most desired at home. Tl 
governments would not regret to have emigrate. It is 
readily understood why these governments may not 
to acquiesce in any new arrangement whereby we c¢ 
best and refuse the worst of their people. The pres 
and visé system gives foreign governments the power 
and to allow to emigrate those persons only whose pres 
own countries is not desired. The selection of our 
is therefore not in our own hands. 

In spite of the present obstacles in the way of our est 
overseas inspection, it might perhaps be possible, throug! 
diplomatic channels, without the necessity and the delays 
tiating any new treaties, to come to an amicable wor! 
ment—a Gentlemen’s Agreement, in short—with the gov 
of foreign countries from which our immigrants come, w 
by international cooperation, the United States could m 
sort of a preliminary examination of intending immigrant 
they sail. If the present administration could bring ab 
agreement, it would take a long step in the settlement of tl 
difficult and important national problem. The sympat 
tude of the present Secretary of Labor on this questior 
clearly indicated. Thus, in an address given in Bostor 
14 last, he said (The Boston Herald, June 15) ‘‘We must | 
those who menace our national life and our national instit 
Much could be done by providing for inspection of prosp 
immigrants in Europe before they undertake the long 
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across the Atlantic. I would insist upon the most rigid tests of 
blood, physical, mental and moral stamina before admitting a 
single immigrant.’’ With this view all patriotic 
Americans must surely agree. 

Overseas inspection, however, desirable as 
not and could not in any way replace the other 


regoing 


lective measures advocated in the for 


peratively need a stricter enforcement of our 


law, and a permanent percentage limitation 
above suggested. 

AppENpDUM: If we want the American race 
predominantly Anglo-Saxon-Germanic, of the sai 
which originally settled the United States, wrote 
and established our democratic institutions; if 
immigration to be chiefly made up of kindred 
ern and western Europe, easily assimilable, | 
of intelligence, able to understand, apprec 
support our form of government, then the sil 
plish this purpose is to base the percent 
earlier census than that of 1910, 1. e., before 
Europe had become the controlling element 
In an important discussion of ‘‘The Immigrat 
Scribner’s Magazine for September, 1922, which 
ent writer’s attention after he had completed 
Professor Roy L. Garis, of Vanderbilt U: 
our permanent legislation be based upon t 
but that we admit 3 per cent. of the diffe 
eign-born in the United States as show: 
This, as Dr. Garis rightly says, ‘‘is a simpk 
based on historical facts.’’ If instead of 
admit 5 per cent. of the foreign-born resident 
nual total for all Europe would be 400,000, in 
these, about 200,000 would be admissible from 
rope; 50,000 from Seandinavian Europe; 165, 

Europe; 10,000 from eastern Europe; 10,000 

Europe, and 2,000 from southeastern E irope 

result in bringing in a large preponderance 

present no difficulties of assimilation; who do not 
immigration ‘‘problem.’’ It would thus be auto1 

as well as numerically restrictive. If we are to maintain th 
eal and mental standards of our race; if we are to make Ar 
safe for democracy, to keep America for Americans 

more logical or practical method than this. 
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A MODERN MECCA 
3y Professor A. E. KENNELLY 


HARVARD UNIVERSITY 


HE ancient Arabian city of Mecea is in one sense the 1 
TT markable in the world. It is the birthplace of Mahon 
Resoul ’Illah, or prophet of God, and it contains the Kaa! 
tral shrine of the Mahomedan faith. No giaour may 
Very few Christians have ever seen the place. The exp 
ton, for instance, one of the most famous oriental li 
trated there, under elaborate disguise, at the risk of his lif 

Over two hundred millions of persons—about one « 
population of the globe, or nearly double the populat 
United States—are reputed Mahomedans. The gre 
these Mahomedans are devout worshippers, according to t 
of the Koran. Several times a day, notably at dawn and 
the faithful, scattered over Asiatic and African lands, unt 


prayer-carpets, lay them in the assumed direction of M 


prostrate themselves thereon in prayer. This custom 
obsequience towards the prophet’s holy city has conti 
turies with very little change. Mecca has thus maintair 
vellous hold upon the daily thoughts and acts of a vast 
human beings. In their psychology, the Kaaba is the com 
universal point of reference. Their lives are lived 
procession towards that one place. Every year, about o1 
thousand pilgrims of zeal journey from afar to visit it. Hi 
thus attained to the holy city acquires with pride th 
Hajji, which entitles the owner to social respect. 

Although the modern world has created no new M 
such sense as Mahomedanism conveys, yet in a certa 
markable way it has created a scientific Mecca a 
beautiful park of St. Cloud, on the Seine, near Paris, 
the famous old Sévres porcelain factory. Here, on a p 
which France has given to the world, by extraditing it f1 


+ ~ R 


boundaries, is an unpretentious building, ealled the ‘‘B 
national des Poids et Mesures,’’ especially constructed 
enabling accurate measurements of standard lengths an 
be carried on quietly, and at a nearly uniform temperature 

its walls. Eight meters beneath the surface of its courtyard 
vault containing a closed steel safe, wherein are treasured 


} 
we 
1W 
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world’s most valued reference standards of length a 


the international meter and kilogram—together with certain 
‘sémoins’’ or ancillary duplicates. The building is mainly devoted 
to comparisons between these fundamental standards and the cor- 
responding replica of other nations, through the medium of work- 
ing copies. It has no upper stories and is surrounded by the forest 
nark. Fortunately for the even tenor of its duties, it ordinarily 
mane attention from the ubiquitous tourist, despite its proximity 


to the much visited porcelain museum. Neither Baedeker nor 
“@Quide Bleu’’ refers to it, and it finds no place on the list of ob 


ects to attract the interest of the visitor; yet it may properly be 


described as a latter-day temple for the guardianship of the ‘‘ Lares 


and Penates’’ in the world of weights and measures. The expense 
ts upkeep is shared, in definitely prescribed proportions, 


of its 
among the twenty-eight foremost countries of the worl 
The need for an international clearing house and depositary 


for the world’s standard meter becomes evident from a considera 


+} 
‘ 


tion of industrial needs alone, as well as from a cursory gl: 
the history of the subject. 

If a steel bar, say one yard in length, is ordered, with any 
further specifications, from a smithy, we might reasonably expect 
the bar to be delivered true to length within one per cent., more 
or less; that is to a precision of one part in 100, or 10°. This may 
be described as a precision of the second order. It does not mean 
that the smithy could not furnish a higher degree of precision in 
length, if the need existed ; but merely that in the ordinary course 
of business, a yard bar at the smithy might well be interpreted 
to include bars longer or shorter than a yard by as much as one 
per cent. Moreover, the measurement of the bar, by the act of 
laying a yard-stick alongside it, would be an operation lasting only 
a few moments. Nevertheless, if the tolerance of something more 
than one per cent. were clearly admitted, the moral certainty of 
the measure within those limits would be very great. Any intel 
ligent man receiving the bar from the smithy, and laying a eredit 
able yard-stick beside it, could see at a glance that the two were 
nearly alike in length; so that unless some question as to the 
amount of tolerance were raised, he would feel a high degree of 
assurance that—in the common use of language—the bar was a 
yard long. 

The rough bar from the smithy might next be sent t 
shop with an order that it be trimmed, smoothed and 
finished length of say 35 inches; but without any specifications as 
to tolerance in precise length. In the operations of smoothing and 
finishing, the mechanic entrusted with the order, would probably 
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spend a little time in adjusting its length to “‘35 inches. 
cent. he would regard as unworkmanlike, and he would 
aim at a precision say of one per mil; ?. e., one part 
the third order. If he were put upon his mettle, he mig 
ing to attempt a precision of the fourth order, or 1 
the extra time involved in such an effort might not bé 
Even to reach the third order, he would have to mak 
correct within 0.035 inch, and much more time would | 
the measurement than was spent at the smithy in 
second order. In the first place, an ordinary ro 
would no longer suffice. A graduated steel tape or st 
would be necessary. Moreover, the operation of juxt 
reading off the length would take much longer thar 
Finally, in spite of this increased mental and physical 
task of measurement, the degree of moral certitude as 
liability of the result will probably not have iner 
tionately. In repeating the measurement, the mecha 
to arrive at slightly different results and the effect 
erepancies disconcerts the judgment. Of course, 
chanie made a gross error or mistake in reading the t 
feel convinced that the finished bar was much né 
inches’’ than one per cent.; but upon the new plane of 
precision engaging his attention, he might feel | 
success than his predecessor, who measured only to t 
of precision at the smithy. 

If now the finished 35-inch bar were sent to a 


shop, to be assembled perhaps in some fine piece 
after being adjusted to say 34.8 inches, at a room 

20° Centigrade, with a tolerance of 0.004 inch, this 
refinishing the ends of the bar and measuring its new le: 
part in 10*, or to fourth order precision. For the 


making this measurement, a special gauge might hay 
pared. If the bar in the assembled mechanism had 
interchangeable with similar bars coming from other 
shops, the gauge might have to be adjusted to a prec 
fifth order in length, at a special workshop for the 

of precise gauges. In order to reach fifth order prec 
gauge at the special workshop, a standard measuring r 
higher precision would be needed there. It would not be | 
able to require a precision of the 514th order in that sp 
shop standard. That standard would probably be com 
calibrated against a still finer standard at the Bureau of 51 
in Washington, where a precision of the 6.5th order, 
3,000,000 might be readily obtainable. Finally, to keep th 
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the different national laboratories of the world 


} 


ards of 
an international standard is maintained 


agreement, 
where the precision attainable is of the seventh order. 

It is clear that every measure of length, either in the world of 
husiness Or 10 the world of science, has its order of precision, over 
the entire range from the first to the seventh, depending upon its 
gonstruction and purpose. No one expects a higher order of pre 
cision than the particular purpose of the measure 
mands; because the effort and expense involved 
extra order of precision is relatively great. There ar 
of industry, notably in gauge making for fine too 
order precision is necessary. Not many decades ago 
highest order scientifically attainable in measures o! 
advance from the fifth to sixth order demanded 
amount of scientific and industrial effort. Progress had 1 
in the mathematics of accidental errors, in metallurgic 
to provide improved materials, in physics to learn the laws 
variation in material standards, in tools, to fashion th 
parts, in workmanship and experience to handle th 
At the present date, we can look for the seventh o1 
n the comparison of the various national meters w 
national meter at Sévres; but although this suffices 
all industrial needs, it is inadequate for certain sci 
ments. Certain problems of the Einstein theory 
night find solution, if the eighth or ninth order of 
measurement of length were attainable. 

If material civilization advances, w 

‘of length precision at Sévri 
would probably add one 
neasurement all over the globe 
spiritual development, an estimat 
be furnished, based upoi 


+ 
? 


the certifieates of meter-bar couiparis 


the bureau at Sévres. 


The permanence and inviolability of the international meter 
are clearly of importance to all nations. The control of the Savres 
bureau has been vested, since 1875, in an international body com 
posed of delegates from the twenty-eight leading national govern 
ments that are parties to the bureau’s maintenance. The inter- 
national meter and kilogram are deposited at the bureau in such 
a manner that seven successive keys have to be used in order to 
reach them. Three of these keys are in regular service for the 
doors of the building; but the four others belong to the special 
vault in which the standards are preserved, and are placed in the 
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custody of as many different officers of the int 

tee. Some of these officers live abroad; so that the 
kept far apart. It has thus only been possible to 

at the regular six-year meetings, when the asse 

duce their respective keys. The inconvenience of so 
modus operandi manifested itself during the world 
outbreak of the war, one of the officers, entrusted with 
in Germany. That key, being in an enemy cou 
eessible. If Sévres had been subjected to bombard 
have been necessary to remove the standard met 

to a place of safety, and this would have involv 
the vault. In order to provide against such a « 
future, a new set of regulations has been brought 
whereby a duplicate of each vault key is deposited 
tut de France, and so that, under special emerge: 
ean be opened by its authority. 

One of these six-year meetings of the Internat 
took place recently in Paris under the preside: 
Picard, the permanent secretary of the Frencl 
Sciences. On October 6th, 1921, the delegates met 
at a specified hour formed themselves into a visit 
committee, under the leadership of M. Ch. Ed. Gu 
rector of the Bureau. 


The committee members line up across the court) 


by twos. At the signal, the procession enters the n 


door of the Bureau, and passes along a corridor 

to a descending stone stairway. Incandescent lamps 
we descend to a basement floor. Again, down anot! 
way, to a sub-basement. At this level, the temper 
but little all the year round. We now face the first 
steel vault doors in the east wall. It opens to th 
official key. Behind it are two other steel doors, 
cessively unlocked, revealing the vault beyond. 
meters long in an easterly direction, 3 meters wide a 
An electric incandescent lamp, that has been idle 

is turned on and we ean see the interior clearly. T! 
ceiling are lined with white enamelled brick. Opposite 
trance against the eastern wall is a table support 
There is nothing else in the vault except an auxiliary t 
the north wall. The director produces the last of 
keys and unlocks the safe. Its doors swing open 
two shelves. On the upper shelf are three meter-bar cas 
mum-maximum thermometer and a hygrometer. 1 
shelf is a row of five glass double bell-jars. Inside of ea: 
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- evlindrieal standard kilogram. The d 

‘the instruments, which have been shut 

The min-max, thermometer register 10 
total range of only 2.6 degrees dui 


r shows 55 per cent. humidity 


yoromete: 


n to the international meter and kK 


t 


nlicates. He earefully lits out of 
ee | . . 


ntaining the primary standard or p 


n the auxiliary table. He opens the ¢ 
eaming meter bar within. Like all 
ection is of a special X shape, so designed 
stiffness, or resistance to sagging in 
supported at 1s two ends. Of cours 
har. a little more than forty inches long, 
sonable shape of cross-section, would sag 
when the bar is supported at its ends. Ney 
small sag would be apt to alter, in perceptibl 
length of the bar, as measured on its surface. 
shape to the section, and cutting a flat strip of surf 
of the groove in the X, the meter length is mark 
flat strip, where the change in length due to any 
sag becomes quite negligible. The meter bar is not 
marked off into equal divisions like an ordinary 
merely a fine scratch cut with a diamond point ae: 
each end. The international meter is defined as 
tween these two fine line scratches, whe 
ture of melting ice. 

No hand touches the bar, which lies fac 
is the final reference standard, and does not 
as a final arbiter, in case differences shoul 
ing standards. Its duty is merely to re 
serve its dimensions unchanged. 


Only a few of the witnesses can occupy the 


and the air in it becomes oppressive. As soon as thos 


recognized the contents of the safe, they 
room for others. 

In about half an hour, the st: 
shelves, the safe is shut and locked, 
vault doors closed. The world’s st: 
thus resume their wonted repose 
visiting committee, probably six years henee. This \ g com 
mittee, however, returns to daylight and ref n the courtyard, 
where it is photographed by a moving-piectur thine, to reeord 
the passage of its members. 
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The measurement laboratories of the Bureau are also visi; 
by the committee. These laboratories have specially constr 
walls, to keep the temperature within them nearly unif 
one of them, standard meter bars are compared and certified 
bar to be tested is laid horizontally on end supports in 
water, alongside of the working standard of the laborator 
error with respect to the international meter of the vault 
carefully determined. Being composed of platinum-irid 
bars do not tarnish under water; although they have to | 
from deposits of dust or organic matter—of which more 
The immersion of the bars in water is desirable during t 


in order to enable their temperature to be more closely d 


each bar being only true to length at a certain temperat 
correction being necessary for observed deviation of 
from the standard. 

A microscope is supported on a stone pillar over ea 


1 


the bar, in such a manner that the cross-hair of the 
be brought over the delicate line marks on the ends of 
turn, the operations being regularly repeated many ti 
ing to a definite schedule. The observations, as final] 
and reduced, reveal the difference between the le 
tested bar and that of the working standard. Re: 
taken to the eighth order, er to 0.01 micron (10° 
1/2,500,000th inch; but the final result is only 

the nearest 0.1 micron, or ten-millionth of a 


the seventh order. The micron is the one-millionth of 


and is the unit of length in practically universal use a1 
tific workers with the microscope, all the world over. 
Some excitement was recently aroused at the Bur 
discovery that two working standard meter bars 
during many years, although retaining their lengths 
changed with respect to each other, had both lengther 
time by about 0.4 micron, or 1/65,000th of an inch, 1 
of length being progressive. After much search, it is bel 
this minute lengthening of each bar has been graduall) 
about through the constantly repeated cleansing of the 
working surface by the gentle rubbing of a cloth 
had always been directed, as a matter of habit, along th 
wards the end. In this way, it is supposed that the walls 
fine diamond scratch across the bar, near each end, wer 
pushed over and away from the middle of the bar, by 0.2 n 
in the course of long usage. It has since become the pres 
routine to clean the surface of a meter bar by rubs deliver: 
nately in opposite directions. 
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brought it 
stance, r. Oar n brought the 
Standards at Washington, with the aid 
cial case containing this meter always re 
or the other, ben 


¢ carried from place to 


a mother ordinarily devotes to the handling of 


that might not hurt a baby might inju 


Japanese instance, Dr. Tanakadate arn 

nev from half way round the world, carryi 
arms. The way in which the precious nation: 
ried m each instance bring 


s to mind the story 


1 


the founder of the well-known Pazzi family 
erusades, returning from Jerusalem 
backwards, or facing the tail of his horse 
stantly a little fire in a brazier, whose ember 
from the saered fire in Jerusalem. Jour 


slowly, he was determined to bring the fire 


Italian city. His unusual gait and attitude 
astonishment on the journey, and the nan 
clung, so the story goes, to him and his family 
The reason for so much eare -be) 
American instance was that both by 
ecutive order, the U. S. Yard is defined and 
tain definite fraction of the international 
U.S. pound avoirdupois as another definite ft 
national kilogram. Consequently, all Americar 
linked with the fundamental units at Sévres. Altho 
ington Bureau of Standards has more than one of 
meter; vet it is advantageous to have one of th 
and recompared at ‘‘Mecea’’ from time to time. 
After the international bureau at Sévres was org 
and set to work making and certifying copies of the 
meter and kilogram, 30 standard meter bars in pl 
were finished and approved by 1889. The bar wh 
closely with the pre-existing standard meter 
was adopted as the ‘‘international meter’’ 
vault, and the others were distributed by lot 
contributing governments. Meter-bars Nos. 
share of America, as well as Kilograms Nos. 
of measuring and intereomparing the 30 standard 
to their acceptance and distribution by the internat 
tee. took over three vears to accomplish. 
Meter No. 27 and kilogram No. 20 were brought 


ton, under seal, by an officer of the U. S. Coast and Geod: 
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Sevres. By the time that the shorteomings of 
With respect to the theoretical meter became 
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it with a high degree of precision. For 
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